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PREFACE 


The rapid growth of tlio automobih* industry lias rosnlted in a 
marked increase in the number of automobilt* repair shops and, as 
t)u* sale of cars augments yearly, the demand for inochauies skilled 
in the an of caring for, adjusting and repairing mitomoliiles will 
continue to grow in proportiem. Then again, many ears are pur- 
cliused by people in moderate cireunislaiiees or j>thers remote from 
rejiair simps who desire to make tla'ii* own ndjuslments and minor 
repairs. Many excellent mcehunies in other lines have felt that the 
automobile bi!sines.s offered opporliiiiiti<*s, but were unable to avail 
lliemsidvi's of tiiem because of lack of knowledge of motor car 
eonstructioij. 

Tile wi’iter (obtained muoli |)ractjeal knowleiige of automobile 
meck-\Mism first, liand as a repairman in the earlitu* days of the 
*antomol)ile industry and often felt the lack of ilefinito, seientific 
instruetions for doing various classes of work in a j^ractical manner. 
"When om* considers that tin? modern automobile is a complex assem¬ 
bly of many different groups, it is not diffienlt to understand why 
au excellent macliinist, for instance, may lie unable to repair a 
starting and lighting .system because of lack of electric..1 knowledge, 
or why tl'c elect lician, to wliom this work is not diffienlt, may be 
unable to j’cfit bcaJ'iTig.s or time a motor valve system. The practical 
all-around rmtoirobilc rcpainiiaii must not only understand machinfc 
^vork and melal-wtmking tools of iiU kinds, but must iilso j)ossess 
^ some of the kuowl(‘dgo of the eleetri<‘ian, ]»liimbcr, wood-workcl*, 
rubber-worker, tiiisiriith and blaeksniitli. 

It is the purpose of the writer to outline the •essentials of auto- 
mobil(* re|>niring in a wliy that will be understood by all wdth 
ordinary mecbatiical ability. Mucdi of the material will prt)vc of 
ccpial value to tlie chanffeii», owner and geiu*ral mcclianie. The 
w'riter has been collecting imtes and sketches for this treatise for 
over joleveu yc.irs and lias liad ati cxcei^tionul opportunity to sup- 
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i Preface 

plrmcnt the practical knowledge obtained as a repairman by a 
earefiil observation of tlie cxperienecs of others. 

Witli the object of outJiiiing the entire subject, tlio various items 
of equipment, tools and sj>eeial appliances to facilitate repair work 
are covered full^' and a concise review of the various nieehaideal 
tirocesses, such as autogenous welding, brazing, soldering, etc., is 
given as well. Many Tables and Forniiihe arc included pertaining 
to things tlic repairman aiiould know or have availalde for ready 
reiVreiiO(?. Special attention has been given to tlie eleetrieal system, 
because it is on this point that many repairmen and motorists 
desirr' eiilighteiiment. It is assumed that the reader is rairiiliar to 
a eertain extent with antoinohile eonstruetion in general. If infor¬ 
mation is wanted on ])oints of design, etc., the reader is rejVrre<I 
10 i\rodcrii Gasoline Aufoniobilo,” a ])revious work of (he 

w riter. 

As many cstalilishinents are being started from time to time to 
care for the increasing number of motor vebides sold, some sugges¬ 
tions Tor planning and ecpiipping various sizetl shops .should be 
timely and of value to tliosc intending to start sueli an enterpi’ise. 
There aro many eomlitioiis to be considered, and no bal’d or fa.st 
rule can bo made to cover all contingencies. The eiiinjuneut needed 
to do work iti a most satisfactory manner will vary with tlie sm* of 
the shop and character of ears repaired. Tlie writer will eontinc 
this discussion to useful suggestions that can be applied speciiieally 
to the machine or other shop that specializes in rejiair work. 

M(xst of tho.se outliiuid hav(! no facilities for doing a garage or 
storage busiiies.s, but the plans may be modified and applied to .shops 
operated in conneelion with a garage or agency for caj;s as well. 
^V^li^n the. equipment ])ropo.sed is most comprehensive in the ease of 
th§ larger establishment and sufTicicnt to build all parts of a motor 
car if necessary, the facilities may be increased or reduced as the 
capacity of the shop mpiires. In iilarining.a new shop or enlarging 
a business, some of. those suggestions may Ip of value, and it is w(‘ll 
to note that jiroposals made for tools or equipment and floor iilans 
described are based on actual exiierieiifcc of successful sliops. 

Tiifc: ArTiKm. 
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AUTOMOBILE REPAIRING 
MADE EASY 

CHAPTER I 

.THE AUTOMOBILE EEPATR SHOP 

Requir»*inents of Buildings Utilized—Lighting Methods—Heating and Ven¬ 
tilation—Arrangement of Depurtmeuts—How Raw and Finished Stock 
Is Stored—l^lanniug Small Shoii—Arrangement of Medium Size Shop 
—Typical Largo Service Station—Assembling Room Equij)ment— 
Bench Construction—Bench Furniture—Assembling Room Furniture— 
Pit Construction—^Tiirn Tables—Lifting and Moving Appliances—^Machin¬ 
ery Ei|uipment for Small Simps—^Equipment for Complete Machine Shop 
—Power for the Slj('p—Electric Power—Small Generating Sets—The Gas k 
and Gasoline Engine—Power Needed for Various Machine Tools—^Instal¬ 
lation of Machine Tools—ITie Lathe Types and Accessories—Shapers, 
Planers and Drilling Machinery—Miscellaneoxia Appliances—Air Compres¬ 
sor Equipment—B'uel Storage Methods—Shop Forgo Equipment. 

The care and maintenance of automobiles is one of the most 
important brandies of this large industry and as great advances 
have been made in the erection and equipment of establishments 
for repairing tlicsc vehicles as in the design of the automobiles. 
The C(iuipment of a service station will varjr frori a very simple 
tool outfit of the small shop mechanic to the more expensive in¬ 
stallation found in metropolitan service stations. Many special 
appliances Imvc been evolved, especially for automobile repairing 
and special tools and fixtures have been contrived by the ingenious 
mechanic to simplify repair work. Before describing the pro¬ 
cesses incidental to the repair of the vaiious^mptor car components 
the writer believes IhaV a discussion of the equipment needed for 
repairing will prove of value to those who art about to erect an 
automobile repair shop or^service station, as well as to those who 
plan *to increase present more or less limited facilities. Several 
. 17 



18 Automobile Repaiting Made Easy 

important points that are apt to be neglected by the average archi¬ 
tect in designing a garage or repair shop building will be con¬ 
sidered first and then the equipment of tools, supplies, and special 
appliances necessary to furnish the repair shop in a first class 
manner will bo discussed. 

Requirements of Buildings Utilized. —Structures that have 
been used in another business do not always give full satisfaction 
when remodelled and equipped for motor car repairing. The one 
general fault all of these buildings have is inadequate lighting 
facilities, and they arc seldom properly heated or ventilated. Large 
wooden structures formerly used for carriage or wagon shops, livery 
stables, etc., are often utilized, but these are invariably very in¬ 
flammable, which alone shonld cimdeinii them, even if the proper 
lighting and lieating facilities were installed. 

Many buildings have been erected for repair shops or garages 
that are lacking in conveniences not included because of lack of 
experience on the part of architects or builders, who do not under¬ 
stand the requirements of the jcpair business. These buildings 
obviously could be improved in arrangement and even in details 
of construction by those familiar with the restoration of auto¬ 
mobiles and their component parts. 

Any structure used for motor car housing or in repair work 
should be absolutely fireproof, which means that only materials 
having the desired qualities, such as steel, brick, stone or concrete 
be incorporated in the construction, with a minimum of wood. 
The building sliould not be more than two stories high, if the land 
is available, though large establishments in the heart of big cities 
will have to be tliree, four or five stories in height, depending upon 
the size of the lot available, the floor space needed and the prevail¬ 
ing prices of real estate. If it is to be operated in connection with 
; a*garage business on the same premises, the repair shop should be 
in the second sU)ry,. the storage room on the ground floor. 

In any event, the point of using natijcal to the exclusion of 
artificial light canrfot be too firmly impressed on the builder. Me- 
chanj^cal work of all kinds demands the^ best of light, and in those 
, buildings utilizing daylight in preference to electricity or* otlier 
source of illumination, not only is the work carried out better, 
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but a largo item of expense, which iniist be included in. the fixed 
charges of operation, is eliminated. The best construction, and one 
that has been demonstrated to be thoroughly practical in large 
modern manufacturing establishments, is a steel framework, with 
concrete walls pierced by many large windows, and a sawtooth 
roof. Tlie advantages of this construction over that using ordinary 
skylights is that the sun cannot shine in directly to interfere with 
the work, as the openings point toward the north, a stronger rool 
having more openings for light is obtained, and there is no possibil¬ 
ity of water leaking in. "What is most important in the northern 
states, the light will not be shut out as much by snow during the 
winter. 

It is well to remember when planning large shops having more 
than two floors that high structures involve the use of power ele¬ 
vators, so the cars can be taken from one floor to the other, with in¬ 
creased overhead expense as It augments the cost of handling cars 
either in repair work or storage for which no charge can be made* 
the patron. 

Lighting Methods. —The lighting problem can be viewed from 
two aspects: that of general illumination and the equally important 
one of individual lighting. For the former, powerful, though well 
diffused lights are wanted, these being placed high enougli so they 
will be out of the way and yet give as much ns possible the gen¬ 
eral effect of daylight. The amount of illumination needed variec 
with the different departments and the class of work carried on 
therein, but in making determinations it is always best to err on 
the excess side tlmn to attempt to economize at the expense of the 
eyes of the workman. This is poor economy because it reacts* di¬ 
rectly upon the quality of the work turned out by the shop. In 
the car assembling or overhauling department, the general illumi¬ 
nation should approximate about 120 candle power to every 200 
square feet, while in a regular .shop or ropm where the general 
lighting means is sup|demented by individual,lamps at vises and 
drop lights to carry to^ the cars themselves, the allowance of 100 
candle power of general iyumination to 300 square feet floor area 
will be found ample. Machine shop lighting should always be on 
a \ery liberal scale and should not only include good general illu- 
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iiuinfttion but individual as well. Tlic general practice 

I in most shops is lo use small units and plenty of tliem. Thirty- 
.;t\vo to sixty-fonr candle power lainj)s or other equivalent radiants 
tare suspended over each mnclniie tool where great accuracy of 
iwork is not essential^ these including such appliances as shapers, 
planers, emery wiieeJs, arbor presses, drilling machbios, etc. On 
J lathes, milling machines or grinders, where accurate cuts must be 
i taken, tlie individual lamps should be supplemented by arc lights 
I or powerful Tungsten lamp clusters, supported from the ceiling 
5 and well shaded lo reflect the light where it is needed. One candle 

• power per square foot floor area in addition to the individual 
j lights, which should be at least-50 candle power over each tool 
j designed for accurate work should be allowed in tlie machine shop, 
1 Where electric current is available the most suitable lamp from 

the viewpoint of steadiness, quality, and intensity of light is the 
^incandescent filament lamp using the Tungsten alloy illuminating 
(element. The flaming arc is an economical light, but it is far from 
s being steady and its color is Such that it is hard to discover fine 
(lines or colors having a bluish tinge. The fluctuation in an arc 
(light and even the clicking of the regulating mechanism may bc- 
icome very annoying when engaged in fine work. Many garage and 
repair shop proprietors in small towns where there is no central 
(lighting plant find it desirable and economical to generate their 
jown current by any one of the many small individual lighting 
pmits sold for this purpose using a gas or gasoline engine as power. 
•The electric current reduces the fire risk and as it is the most 
iconvenient form of energy for generating power to operate ma¬ 
chine tools, the installation of individual lighting plante is justified 
jby the many advantages accruing from the use of electric current, 
j .Where electricity is not available it is rarely possible to find 
'.(either coal or water gas such as generated by a public service cor- 
iporation. In many small, isolated communities it may be neces¬ 
sary to xuse acetylene *gas generated on the^premiscs. Some favor 

• ikei'osene or gasoline vapor lamps in whieii incandescent mantles 
iarc emi^oyed. One popular lamp in the rural sections which burns 
joiJ under air pressure producing a Bunsen flame capable of#heat- 

j jing the usual incandescent thorium mantle is called the ‘‘Washing- 
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lamp and is a very economical method of lighting. It is ap¬ 
parent that any system of illumination that involves the use of a 
linked fiame introduces an item of fire risk that is very unde- 
sirahie in a building Tvhero the fumes of gasoline arc present. 

Eleelricity Ls not only the safest method of ligliting but the 
Tungsten lamp is tlie nearest to sunlight of tire artificial radiants. 
Where electricity is available it will be poor economy to use other 
means of lighting, except for general iliuinination as by groups 
of iucaudoscent mantle gas lamps. For individual lighting the elec¬ 
tric lam() is the most suitable because it is safe, compact, clean, 
does not give out much heat, is portable and can be usc^d in any 
position. There is no other means of artificial lighting that permits 
one to obtain all of these desirable requirements in combination. 
Considering the relative cost of the various methods of lighting, 
tlie following table, based on the cost per 100 normal candle hours, 
will prove useful: 

Gents 


Washington light . 0.238 

Flaming, electric arc . 0.381 

Mercury vapor lamp . 0.595 

Incandoacent gas light. 0.595 

locnudeAceot petroleum light. 0.714 

Direct current electric arc. 0.942 

Osrnm, zircon and tungsten lamp . 1.190 

Kerosene burner .. 1.666 


Tlie writer has frequently noticed the use of poor droplights 
in garages w'hich are not only undesirable because <<f the physical 
discomfort entailed by the action of the electric current upon the 
human system, but also because of the liability of fire. The wire 
and sockets of tlicse lamps are subjected to very severe treatment 
and they soon cause trouble where a cheap equipment has been 
provided, bcjcauso the insulation of the wire jleteriorates and w'ill 
cause a short circuit whenever it comes in contact witli the metal 
part of the frame or the various parts Of 'the human system 
which will provide a pash to the ground for thee current. Where 
a current of 1 IQ volts is used, there is no danger of severe or per¬ 
manent injuries beeuiiso of contact with such a ^ * live wire, ^ * but 
^the sensation is tlecidedly unpleasant, to say the least. (^asi‘s have 
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been observed by the ^^Titer where a fire has been caused because 
of such defective insulation of the wire. One case in particular has 
been distinctly impressed on his mind because he was in a pit 
beneath a car at the time of the fire. A helper was Avashlng the 
mechanism with gasoline, preparatory to an overhauling, and 
plenty of vapor filled the air. A partly bare spot on one of the 
wires became crossed with the frame work of the car and the bril¬ 
liant spark resulting ignited the gasoline immediately. The car 
and pit were in fiames and had it not been for the presence of 
mind of another mechanic with a chemical extinguisher in dealing 
with the blaze before it assumed dangerous proportions, the results 
might have been more serious. 

In figuring on a dropJight equipment, the best material should 
be obtained. It is a “penny wise, pound foolish*^ jiolicy to use 
materials for which the only recommendation is clioapness. The 
wire should be provided with a very heavy insulation, and need not 
be very flexible. Beware of lamp cord, as it is of no value for use 
under severe conditions. The best and heaviest sockets should be 
used. The wTiter would advise the use of some tliat had cither 
a very heavy porcelain or hard rubber insulation around them. 
Then comes the choice of ]>roper cages or shields and handles. 
Tliere are cages now marketed that are of heavy colistruction, the 
wire of which they are composed being nearly an eighth of an 
inch in diameter. These will prove to be the cheapest in the end. 
In assembling, it will be found best to wind plenty of electrical 
tape around the wires for the entire length of the drop. This not 
only serves as an additional insulator, but takes much of the wear 
that would otherwise come upon the insulation of the wire proper, 
and it may he easily renewed when it shows signs of wear. It will 
Ybe found well to solder all the connections at the socket and rosette, 

, as there is nothing iporc disconcerting, w'hen a difficult or tedious 
job of fitting or adjusting is being performed, than to have a 
, “winking” light to work with, which is liable to fail at the time 
. it is needed most. * 

Heatimg and Ventilation. —It is very important that the work- 
, rooms should be kept at comfortable temperature during cold 
I weather. About 75 degrees Fahrenheit is usually considered correct, 
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though it may be lower than this if the men are engaged in active 
labor. In the machine shop where men must stand quiet much of 
the time, the temperature should be higher than in the erecting 
room, where they are constantly moving around and handling 
parts, this tending to keep the blood in circulation. It is a mis¬ 
taken idea on the part of some shop managers that the men must 
be half frozen so they will exert themselves more than if conditions 
were more favorable to comfort. 

This is true if the temperature is much too high, but there is 
little daiig<*r of tin's happening in a large shop having considerable 
metal to absorb lieat, and where tlie doors are opened to admit 
cars many times each day. A man cannot w'ork with any degree 
of accuracy if his fingers are numb. "When .sliops are cold, the 
operatives compensate for this by wearing heavier extra clothing 
that hampers their movements appreciably. What is gained in 
fuel is lost in labor, to say nothing of the effect unfavorable con¬ 
ditions have on the dispositions of the workers. 

Of the methods of heating in vogue, the writer unhesitatingly 
recommends steam or hot water, in connection with judiciously 
placed radiators and pipes. The amount of radiator surface needed 
should be computed very accurately, and can only be determined 
by taking into account the character of the walls, number of win¬ 
dows, cubical contents of the rooms to be heated, the facilities for 
ventilation, the number and size of doorways and many other 
conditions best considered by a competent heating and ventilating 
engineer. The steam or hot water l)oiler lias the advantage of 
furnishing warm water at all times for washing purposes, and as 
the radiators may bo shut off if too warm, the temperature can 
be regulated to suit requirements and to secure economical and 
efficient heating from the fuel burned. # 

The problem of ventilation is one that is of importance, though 
its character depends upon the type and conatrjuction of the build¬ 
ings used. Repair shops are usually of large size, and have large 
space in proportion to* the number of workmen employed. In 
many cases of ground floor shops, this ratio is so large that no 
special provision need be m^de, the air being changed often enougli 
, to answer all practical needs, as the main entrance is opened and 
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closed. AVitli a iiumber of upper floors, couditions are different 
and in such cases every endeavor should be made to renew at 
least oue-tenth of the total contents every liour. In paint shops, 
smith, and testing or adjusting rooms where noxioiw fumes may 
be present, and in small rooms where the number of workmen is 
greatly iu excess of the air space available, no less than half the 
contents should be renewed hourly. The suggestions for building, 
heating, lighting and ventilation apply to all shops. 

Building Arrangement.—As an example of the amount of space 
allowed in a building devoted to both a garage and repair business 



Fig. l.^Floor Flans of Garage and Bepair Sbop. 


the floor plans of a garage located in a city of forty thousand in¬ 
habitants is presented at Fig. 1. This building lias a frontage of 
74 feet and is 150 feet deep. The front faces n main street and is 
occupied by a sales room 30 feet square in one comer, and a main 
office of the same size in the other corner. The sales room has 
an attractive show window across the entire front, and the other 
departments are also liberally provided with windows. One side 
of the plant faces qn^alley extending the entire distance, and there 
is also an alley to the roar. This offers the important advantage 
of providing a situation on what is practieally three w^ell paved 
streets. The alley to tlm north is practically exclusive and affords 
the company a chance to store many pars during thn day and at 
the same time leaves plenty of room for the vehicles to move. 
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aroiiiid. The plant has five entrances, tlie main entrance at the 
front, which is 14 feet wide, two to the repair department^ one at 
the rear to the main garage and one in the room set apart for the 
demonstrating car. All entrances measure 14 feet across and aro 
amply high to permit the entrance of tlie largest motor truck. 
The building is of brick and concrete eonslructioh and is two stories 



Fig. 2.—Floor Plan of Small Repair Shop, Showing ^cation of Fit and. 

Machinery. 


in height at the front. The second floor front is occupied by 4he 
tire repair department and the stock room. Skylights over the 
repair department and the garage proper fprnish plenty of light 
from above. 

The floor apace on {he main floor, back of 'the office and sales 
room is therefore divided into three sections. The repair depart¬ 
ment *is 30 feet wide by 120 feet long and is situated tp the rear 
of Ihe ofiice. The garage proper is to the rear of the show room 
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and is 44 feet wide and 120 feet long. The repair department is 
sufficiently large to employ 18 men. The building 'is heated by 
steam which is furnished by a heating plant in the basement un< 
derneath the main office. 

The door plan at Fig. 2 is that of a small building devoted 
exclusively to repair work and is suitable as a design for a shop 
to bo placed at the side or rear of a garage. This building not 
only offers ample room to work on seven large cars but also pro¬ 
vides for a complete machine tool equipment and ample space for 
office and stock room furniture. There is but one entrance, that 
being located at the fi'ont of the plant. The dimensions of the 
building and the arrangement of the various departments are so 
clearly sliown that further comment is unnece&sary. Floor plans 
are also given at Figs. 3 and 4.for a medium size service station, 
while a large departinentizcd repair shop is shown at Fig, 5. A 
medium size repair shop having a commendable arrangement of 
machinery and still leaving ample, space for working on a good 
number of cars is shown at Fig. 6. In many large cities it is 
necessary to use buildings having more than one story on account 
of the value of land in business or manufacturing sections 

A typical arrangement of a converted factory building that 
has worked out fairly well for a service station is shown at Fig. 5. 
This is operated exclusively as a repair shop and has complete 
facilities. The building is of brick and while not as well adapted 
for motor car repairing as the specially planned structure at Fig. 
€ is, it has been remodelled to good advantage. The building is 
165 feet long and 36 feet wide inside the walls. Considering that 
the building is an old one built before the days when the provision 
: of ample light was considered one' of the essentials, it is fairly well 
' lighted during the day as the walls arc pierced with many small 
Windows. At night a large number of Tungsten lamp groups of 
high candle power furnish the general illumination. Both floors 
are divided into three rooms, the largest 104 feet long being used as 
. an assembling and'storage room on both ffbors. On the lower floor 
there is an intermediate room 28 feet long into which the elevator 
leads that is also used for assembling^ and overhauling purposes. 

; The ^remaining small room on the ground floor which is 25 feet, 
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long is divided into three parts, one being used for an office, the 
others for stock and tool rooms, respectively. Nine large pits are 
provided on this floor and there is also ample bench room. This 
ground floor assembly department is devoted to work that does not 
involve taking down a car to any extent such as fitting various ac¬ 
cessories, tuning or adjusting engines, repairing clutches, brakes, 
axles, etc., and other work that will not lay up a car for more than a 
few days. There is a large door at one end to permit cars to enter 
directly from tlic street and a smaller entrance at the other leading 
directly into the passage way in front of the stock room counter 
over which the patrons are served. There is also a large door 
opening into the rear of the elevator, permitting cars to run on 
the elevator when this is in its lowest position, either from the 
sliop interior or from the stnict. 

The upper floor is divided in much the same manner as the 
lower one, the largest rooni being ased for overhauling purposes, 
tile ilG X 28 feet room is used as a machine shop, while the small 
room over the office and stock room is used as a forge and tinsmitli 
shop. A large skylight in the roof of tlie blacksmith shop gives 
much needed liglit on the anvil and bench. Thcrii an* no pits in 
this floor but, as is the case with the one below, tliere is an over¬ 
head track extending tlie full length of the room for travelling 
chain falls attached to the ceiling. The equipment of the machine 
shop is very complete and enough tools are provided so that it is 
possible to duplicate any part of any automobile. The equipment 
shown at Pig. 6 is also very complete. 

In the building outlined at FHg. 6 whicli has been designed ex¬ 
clusively for aulomobile repair work it will be noticed that the 
saw' tooth roof and the many windows make for maximum day- 
ight illumination. The windows of the saw tooth should alivnys 
^aee toward the north to get the best light and prevent annoyance 
3ue to the sun shining directly in during the <Jay. The building 
nay be of either brick or concrete and while the arrangement de- 
)icted is.very good, the f)lan may be varied to suit individual re- 
fcuirements. It will be observed that there are two main entrances, 
pne a ismall door, leading ^ireetly into the machine shop, while 
[there is a lai*ge main door by which the cars enter the repair shop. 
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Fig. 4^PUii of AutomobUe Repair Shop Machine Boom, Showing Location of yacWne Tools 

and Other Appliances. 
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It will be noted that the office is placed in such a way that all that 
goes on in eitlicr the macliine shop or tlic assembling department 
may be seen by the executive or manager. The location of the 
stock and tool room in the machine shop is. logical, as it is most 
convenient for the men who have fre(inont need of sijecial tools. 
The men on the assembling floor usually have their own outfits, 
whereas the machinists are continually using special drills, taps, 
dies and cutters that the eoinpany must furnish. A person cannot 
enter the machine shop without first passing the clerk in either 
the office or the stock room, as wickets in the walls of these rooms 
forming the passageway open directly into tlie narrow hall pi‘ov1d- 
ing access to tlie machine shop. A pair of large double doors 
separates the machine shop from the assomblying room as it is 
often necessary to move in bulky portions of automobiles for at¬ 
tention. In the building shown the boiler room is partitioned off 
from the assembly room and it is not intended to have any base- 
jnent. If a cellar is provided, however, the heating boiler may bo 
placed therein and be out of the way. The equipment of the 
various departments which can be applied to any of the repair 
shops showm will now be considered in connection w'ith the logical 
arrangement of tlie repair shop department. 

Arrangement of Departments. —In arranging the departments 
the layout should be for greatest efficiency and convenience. This 
applies to the repair shop as much as to the manufacturing plant, 
and intelligent study will often result in changes which will ma¬ 
terially increase efficiency. Many slioi)s are not profitable because 
of lack of orgjinization and lack of system, while others are handi¬ 
capped because of poor general arrangement. The owner or mana¬ 
ger of a small shop may consider that tho installation of a methodi¬ 
cal system for record of the cost and progress of the work involves 
' an .jxpense that is unnecessary, and many shops are conducted by 
a hit or miss principle when simple accounting picthods and organi¬ 
zation of force would make them much more profitable. Too much 
system, however, is as bad as not enough, so a hdppy medium, be¬ 
tween the two extremes should be adopted. There shoidd be sume 
distinct*scheme of organiza^on in every shop of any size, espe¬ 
cially in those which employ 18 or 20 men, and this can be advan- 
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tageously followed where only five or six arc employed, to tlie ex¬ 
tent of properly apportioning the responsibility and authority. 

The plan shown at Pig. 3, A, is a one-story structure with a 
two-.story frontage, having a capacity for 30 cars. The building 
is about 120 feet long and 40 feet wide, divided into departments 
for convenience. The ground floor contains four departments. The 
front apartment is about 40 by 20 feet, which is again divided, 
the tool room and office being 10 feet wide by 16 feet* long, the 
machine room about 30 feet wide and 20 feet long. The rear of 
the shop is partly divided by n partition extending about 15 feet 
from the right wall, and about 20 feet from the rear wall. The 
right back corner is ])artilioned by a brick wall into a room about 
15 feet wide by 10 feet deep, this serving as the boiler room for the 
heating plant. The space between the front aiid back portions, 
about 80 feet, is used for general repairing, for taking cars apart 
and storing cars ready for delivery. 

The ground floor has been divided into four parts—tlie tool 
room and office, the machine sliop, the assembling bay and the 
overhauling room. The second story is about 25 feet deep and as 
shown at Pig. 3, B, is divided into three parts, a stock room with 
15 feet frontage, a battery room 10 feet wide and a tire repair 
room the Sixine size as the stock room. The entrance for cars is 
at the side of the building, and the door opens into the large room 
so the machines can be run directly back into the overhauling de¬ 
partment, or ranged along the walls of the assembling room. A 
short passage loads from the small door at tlie side directly to the 
machine shop, though all entering roust first pass the oi'fice before 
gaining admittance to the other departments. The plan shown 
can be applied only where the building is located at a corner, or 
where there is a short street or alley at either side. This form of 
construction permits one to take advantage of the whole front of 
the shop, and no space is sacrificed, as would be the result if the 
main entrance and passage were located at tlie front of the building. 

An office and tool roqra are partitioned from, the machine shop 
by sheathing and wire netting or .grillwork, the wood of the par¬ 
tition being about four feetnu height, all space above to .the ceiling 
being filled by wide mesh net. Thus the tool room is effectually 
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Fig. 6.->Sleyatio& asid Floor Flans of Medium Size Autoznoljile Bepair Sbop. 
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Reparated from the machine room, and yet all that goes on in either 
room can be seen by the superintendent when in one room or the 
other. Two partially open partitions extend the width of the 
tool room, the one separating it from the passageway, the other 
from the macliine shop. In each partition is placed two windows, 
closed by swinging screens. Along a portion of tlie side wall and 
under the stairs arc tool racks, while many of the smaller and 
often-called-for tools, such as drills, taps, dies, reamers, etc., aco 
carried on pyramidical revolving racks. These racks can also be 
used to advantage for nuts, bolts, machine screws, splitpins and 
other small stock often demanded. 

The bookkeeper and clerk share a common desk ranged along 
the side wall, while the stenographer has a typewriter d(‘ak between 
the two windows communicating with the passageway from the 
street. Tliis makes it pc^sible for the stcnograplier to wait upon 
customers ai)plying at either window. The one nearest the door 
I>ermil8 a visitor to talk with either the clerk or bookkeeper, while 
tliat at The other side of the desk allows the caller to ijilk to the 
superintendent or manager, whose desk is conveniently placed so 
tliat he can look into the shop, keep his eye on the tools and stock, 
talk with eitlier iKiokkeepor or clerk, or dictate a letter to the 
stenograplier without leaving his chair. As no modern business 
is complete without telephone service, a single desk instrument 
with extension cord is placed on the stenographer’s desk, and can 
be used by the superintendent, the bookkeeper or the clerk without 
leaving their work. 

How Raw and FialBhed Stock Is Stored.—The arrangement 
and type of the racks can only be determined by the nature of 
the raw and finished material carried in stock. The stock room is 
directly over tlie office and tool room and a dumb waiter or sm^ll 
elevator as well as a stairway connects both fioors. At Fig. 7, A, 
is shown a type of rack that can be used to advantage in storing 
small parts, this having lower bins of larger’si*ze for bulkier arti¬ 
cles. At B is shown a ^combination rack for stock, both finished 
and rough, having a series of pigeonholes for tubing, bar steel 
and iiion, etc., while the type at C permits one to store sheet stock 
as well as other and less bulky articles. A practical form of rack 
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for bar iron and steel, tubing, etc., ia at D, this being a series of 
cast iron members joined by through bars, so coupled as to act as 
braces. A most practical form of rack for the repair siiop stock- 
room would combine the forms shown at A, ll and tJ, the bars and 
rods being put in from one end, the sheet metal, fibre, etc., being 
placed in the compartments at the other. 

There is no need of mentioning the ways iu which uuts, bolts, 
machine and wood screws can be best handled. Any stock man of 
o.vp(Tieuce would place these in revolving pyramidical racks, or 



Fig. and Backs for Storing Baw Material Used in Automobile 

Bepalr Work, 


small cabinets where tJiey can be easily reached, which permits of 
marking for ready identification. Wire, rubber hose, flexible cop¬ 
per and brass tubing, etc., need only be coiled and placed on con¬ 
venient hooks; iripe fittings, gaskets, and small parts should be 
strung on wires and suspended from nails; sheet packings, rubber 
matting, etc., ought to be left on the roll, and mounted on stands 
so they can be easily unrolled. 

A desk should’be provided for the stock man convenient to the 
stairs and dumb-waiter or elevator. AJl smaller articles can be 
sent from one floor to the other by the elevator. The oil can be 
stored in the regulation pump-fitted •tanks, while the grease can 
be kept in the original package if bemght in bulk. These should 
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be stored in the tool room, as well as other stock that may be fre¬ 
quently called for, A good place for both oil and grease is under 
tho stairs lea<ling from the lower to the upper floor. A convenient 
storage place for waste is the Interior of the revol\niig rack on 
which the smaller tools are placed. 

In all well regulated shops there is a system of tool checking, 
all of the workmen being provided with small brass discs punched 
with a number by which the employee is known, one of these being, 
surrendered to the tool boy for every piece taken from tlie tool 
room, and which is returned to the workman if the sljop tool is 
Hurre.iidcred in good condition. All broken tools shoiild be im¬ 
mediately reported to the master mechanic or superintendent. No 
deviation should be made from the established rule, and no tool 
should go out of the tool room unless properly checked. 

Every stockroom should have two weighing machines, an ordi¬ 
nary si)riug bAlance registering to 20 or 30 pounds and a platform 
scale so that all raw stock bouglit or sold by weiglit can be weighed 
before acceplauce or delivery, and it will be found a distinct con¬ 
venience to liave a certain pc^rtion of shelf, table or wall measured 
in feet and inches by wbicli the length of wire, packing, etc., 
can be quickly determined w'ithout frequent search for a mislaid 
foot rule or yard stick. A card index and good stock numbering 
system will facilitate finding the location and price of any raw or 
flnislied material, and this can be best worked out as the actual 
conditions demand.' If the repair shop management operates a 
garage and agency in connection, spare parts for the machines 
should be kept entirely separate, and in-different racks or bins, 
and distinct from the raw material. 

Lockers and Washroom. —The arrangement of lockers, wash¬ 
ing and toilet facilities are shown by the floor plan. The wash- 
stand may be a long cast iron sink, or.tlie more sanitary enamelled 

individual steel washbowl series placed in the market recently. 

^ # 

Tw'cnty places are enough, but all should have separate hot and 
cold water faucets, Ihouglt they can discharge into a eomraon pipe. 
The location near the heater simplifies the plumbing and provides 
hot water without delay or waste. Tlie lockers should he about 
*18 inches sqnarj‘ and six feet in height, having a shelf abmit a foot 
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Fig. 8.—View of Shop, Sbowing Size of Pits and Belation to Work Bench. 
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from the top^ and provided with hooks for clothes. The metal 
griilwork construction is to he preferred to the less sanitary wooden 
structures. All doors should be fitted with locks, and the work¬ 
men charged a nominal sum for the use of the key, to be forfeited 
if the key be lost. Two series of 10, placed back to back, are 
shown, another series for the overflow being ranged along the op¬ 
posite side wall, or any other convenient place. The workmen 
regularly employed should, be given the series nearest the sink, 
while the extra help may be assigned those available. 

Atfsembling and Overhauling Departments.—Referring to the 
floor plan shown at Fig. 3, A, it will be seen the remainder of the 
building in divided into two parts, the larger room for light re¬ 
pairing, nssombling and taking cars apart, and for storing cars 
tiwailing attention or delivery, while the back room is used for 
ovevliaiiliug. Tliere is no close distinction drawn between the de¬ 
partments, liowcver, and the same general class of work is carried 
on in eitlter portion. The larger room has a cement floor, but over 
this is laid a wooden floor which runs »iloug the..walls, extending 
about 10 feet from either side. This room is provided with two 
tits as shown, and directly across the floor from the entrance is 
located the washstand, so that a car can be run in and cleaned 
without interfering with operations in the shop. The object of 
the wood floors or platforms is to keep the workmen from direct 
contact willi the cement floor, especially in cold weather. The 
side on which the door is placed is used for storage, while at the 
opposite side is performed the work upon cars. To facili'ate work 
and save time several Short work benches, each provided with a 
vise, are ranged along the walls, so that workmen do not have to 
go to,the front or back of the shop if bench work is necessary. 

An overhead track and travelling chain and tackle make pos¬ 
sible the lifting of the front or back end of a car, or carrying an 
engine, gearset or heavy object from the machine room clear to 
the back of the shop, or yice versa, without trouble. A useful ad¬ 
junct is the travelling cratae, shown at Fig. 18 ia'usc, mounted on 
Wheels, which can be taken from one part of the shop to another, 
and brought to the work instead of the work being taken to it, as 
is necessary with a flxed overhead track. 
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Gonstnictioii of Shop Bench. —The machine or repair shopj 
bench must be convenient to the machines, and ample space shoulc 
be allowed for a person to pass between the workmen at b«‘nch 
and machine. Four good swivel vises and two surface plates, as 
well as a couple of small bench anvils will servo for a small shop. 
About five or six feet of bench room should be allowed between 
each vise. The bench will be about two feet wide, and 34 or 36 
inches high. The legs can be made of iron pipe or castings, or of 
two by four inch scantling, while two iiicli planking across the top 
will form a backing for another covering of seven-eighths-inch 
hardwood floor strips closely fitted together. The average ma¬ 
chine shop bench of rough plank with gaping cracks along the top 
cannot be too strongly condemned, as not only is it diffienlt to 
work on the irregular surface, especially in laying out fine work, 
but many small parts will be last by falling tiiroiigh the openings 
in the bench top of the floor. A strong shelf sliou , placed on 
the wall about two feet above the hench for tools, stock, etc., when 
not in use, and a heavy slielf under the bench, about 18 inches from 
die floor, can be used to hold the odds and ends accumulated in a 
machine shop. 

A very practical shop work bench may be constructed by using 
cast iron bench legs that may be obtained upon the open market 
as a foundation to which the timber and planking of which the 
bench is composed is attached. The approximate form of one <•. 
these legs is shown at 1, Fig. 9, which also outlines the amount 
space recommended between the bench and wall for heat to rist 
and to check window draft. This space, which should not be leas 
than three inches wide will also allow' water from the spriiiklini 
system to reach any fire under the bench., The end view show*^ 
the usual method of building and the approximate size of th-' 
planking of which the bench^is composed. The office of the casf 
iron leg is to make pos.sible a stiff bench without depending on 
the walls for support, as is the case with the usual wooden s? ' 

bench. • * 

It would bo apparent that this cpnstruction lends itself vei 
well to various factory conditions as ^he bench is a unit structur 
when built up that may be changed from pUiee to place withoi 
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Fig. 9.—^Methods of OoQstnictiiig Sbop Bencbes, Using Standsrd Cast Iron Bench I^gs. 
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damage. The brace between the legs is just at the right height 
from the floor and is so built that it forms a basis for underneath 
shelf and bin construction, if desired. These bench legs are spaced 
not more than eight feet apart and the benches should haw a 
maximum overhang of not more than one foot as shown at 2, Fig. 
9. The views at 3 and 4 show the accepted method of arranging 
the planking. The system outlined at 4 in which hardwood 
matched flooring is used is a very satisfactory one, as there is no 
opportunity for loss of small parts through gaping cracks, such 
as exist in the usual hastily constructed shop benche.s. The method 
of using the bencli legs for support of bins or drawers is clearly 
shown at 7, while two methods of corner construction are shown 
at 8 and 10. The former shows the usual practice in building the 
bench around a projecting corner while tlie latter demonstrates 
clearly the system used in filling a corner. The usual end cem- 
striiction is outlineu at 9. 

Bench Furniture.—The most important item of bench furni¬ 
ture is the machinist's vise outlined in s(‘clion at Fig. 10, A. These 
are obtained in a variety of types adaT)te(l for the various niechajui- 
cal trades. The vise for the automobile repair shop should havo< 
swivel jaws and should be capable of being set at varioiLs positions 
relative to the operator by means of a swivel base. The form 
shown in section is the simplest type and may be used for furnish- 
ng most of the bench space. Two or three of the cheaper simpler 
forms of vise may be used to each combination swiveling vise, as 
uost of the work will he of a nature to which the simpler vise is 
adapted. The various forms of bench vises are clearly shown at 
Pig. 3.1. The Massey is a combined form adapted for pipe or 
straight work. The serrated angular jaw plates are set beneath the 
ifarallel jaws used for straight work. The Prentice device is the 
combination form that may be included with advantage in the equip¬ 
ment of all shops.. It will he observed that the back jaw is mounted 
in such a way that it may be swiveled to assume any desired angle 
when an irreguMrly shaped piece is to be held by lifting out the 
locking pin A which serves to keep lihe jaw in the parallel posi¬ 
tion when it is in place. In order to«wing the entire vise^around 
without loosening the anchorage plate it is necessary to lift the piu 
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B which keeps the upper and lower parts of the base in a fixed 
]>osition. 

Another form of bench vise that is of value when fitting small 
pieces is known as a die sinker’s vise because of its almost universal 
use by mechanics of this class. This is carried by a base piece hav- 



Fig. 10.»Bome Indispensable Items of Bench Equipment. 


ing a large ball formed at the lower end held fimly between a 
pair of jaws that may be tightly clamped by^a hand-locking lever. 
As will be apparent the use of a ball and socket joint to hold the 
vise enables the operatoV to set his work in any one of a large 
number of positions. By geleasing the clamp lever the ball is free 
in its*socket and the vise may be set at any desired angle. 

The Columbian pattern is the old stand-by of blacksmiths and 
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Fig. ll.^Typet of Vises Adapted for Us^ In the Antomoblle Bepalr Shop. 
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Forms of Bench Vises 

wheelwrights, and as it is a form that is subjected to hard usage, 
the retaining clamp which is bolted to the bench in the customary 
manner is re-enforced by a heavy ball end supporting foot whicli 
rests on the floor. This form of vise is carried out further from 
the bench than the other types shown, because a blacksmith must 
handle long pieces of iron or steel and bend them at various 
angles. 

The use of the pillar for supporting the vise structure is made 
necessary because the work is often subjected to heavy blows in 
the various smithing operations. The Columbian is usually in¬ 
cluded as forge eiiuipmeiit and is used at the blacksmith bench. 

The Oswego and Saunders are forms of vises used only for 
holding pipes and rods. These employ toothed jaws which may be 
adjusted iu the frame to accommodate various sizes of pipe. The 
Oswego vise frame is made in such a way that a long piece of pipe 
may be held by o\)einiig up the frame and slipping the pipe in 
place between the jaws through the opening provided. In the 
yannd(‘i*s vise it is ne<'es.sary to put the pipe in end first wluch 
may be inconvenient when long lengths of pipe having fittings on 
it is to handh-'d. Of those shown, three forms should be in¬ 
cluded in the oqiiipmeut of everj' repair shop, these being the 
types represented by the, Prentice, Columbian and Oswego. 

Another item of bench equipment of value is the straight edge 
shown at Fig. 10, li. Tliis is a very useful tool in the automobile 
repair shop, a.s it is widely used in testing alincjncnt of the various 
units, straightness of frame members or tubes and lor nil pur¬ 
poses where comparisoii must be made with a p(*rfectly true 
smooth and straight line. The form shown is made of east iron 
of arch construction and witli a perforated web in order to obtain 
maximum strength without too much weiglit. Another item, of 
shop equipment is the surface plate which is shown at Fig. 10,'C. 
These are made of cast iron, well ribbed at the back for rigidity 
and with the top surface planed accurately. *A surface plate is 
used somewhat as a straight edge is and is a form of gauge very 
useful in determining flatness of surfaces. The bench equipment 
also should include a variety of metal hand clamps, two forms of 
which are shown at Fig. 10. The two screw type having parallel 
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jaws is shown at D, while a C clamp is outlined at K. Clamps 
are very useful in holding parts together temporarily that arc to 
he fastened by some permanent means. They are useful adjuncts 
to the bench vise and have the added advantage that they can be 
moved when pieces are to be held against members that it would 
be difficult to hold in the vise.* For example, in fastening various 
irons and bracea to an automobile frame, the clamps arc invaluable 
as a temporary moans of keepuig the membei’s together while drill¬ 
ing for the j)ernianent bolts is going on. alfany of the repah* 
opoj-ations to be described call for tlie use of clamj)s as shown. 

Assembling Room Furniture.—There are a number of articles 
of equipment or furniture that are very useful on tho assembling 
floor. 'J'lial shown at Fig. 12, A, is a bench constructed of Jieavy 
limbers of r>iich a form that it is w'cll adapted to support automo¬ 
bile engines when these ai‘e removed from the car frame. A bench 
of this constmelioii is also of value for supporting the various 
crank case components when work is being done on them that re¬ 
quires that they should be lu;ld level and seeundy. Tn the 'iflus- 
tration a portion of a crank ease is sliowm in such a position, that 
work may be done upon the bearings. The siun)le supporting fix¬ 
ture shown at II is exceptionally useful for holding automobile 
rear axles. It is of approximately T form, being composed of two 
pieces of planks aud three uprights well braced with iron bars and 
mounted on casters so the load may be moved with but little effort. 
The form of bench used and its actual construction will, of course, 
depend upon the type of axle that is to be supported. The member 
shown is intended for torque tube axles. 

Another very useful piece of furniture is a trestle or horse 
such as shown at C which forms a good means of support for some 
of the parts when these are removed from the car chassis. A pair 
of these trestles should be included in the garage equipment as 
they can be used together to support a front or rear axle, engine, 
automobile frame aifd other bulky objects. The form outlined is 
a folding steel cotnstruction which occupies but little space when 
knocked down. It is strong, light, and flre-proof, all very good 
features in garage equipment. The workman engaged in floor 
work is .iiften handicapped by not having some means of keeping 
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tools and small parts off the floor when working away from the 
bench. The metal table shown at D is very well adapted for the 
individual workman’s use, as it is provided with a drawer in which 
tools may be locked and also with u substantial inctnl top and 
shelf on which work may be done. The table is mounted on wheels 
and may be easily moved, even wlien loaded to capacity. Another 
useful adjunct to the assembling department equipment is shown 
at E. This is a cast iron bench having a vise attached ajid mounted 
on a tripod which offers a substantial foundation. There is a com¬ 
partment immediately below the boiiidi top for holding tools and a 
ihelf above the floor tliat may be utilized for the same purpose. 
The table shown at D when fitted with a rack at the side and back 
is also well adapted for use in the forge room, as it will hold all 
of the blacksmitb/s tools and cannot be set afire by a piece of 
hot iron as a woollen bench is. The addition of the j-ack makes it 
possible to carry the assortment of tongs usually found at 
forge. 

Three forms of wliceled trucks are ^hown at F, G and II. Tliat 
at F is a low framework tliat may be boarded over and used for 
convcj'ing heavy parts from one end of the shop to the otlu;r or 
that ca7J be used just as shown for conveying axles, engines and 
gear boxes which arc of irregular form and which could not be con¬ 
veniently carried by a plnlfoi*in. The truck shown at G is made 
of pipe fittings and is used for supporting automobile frames 
wlien tho springs and axles Itavc been removed. As this is provided 
with w'hecls it can be easily moved with its burden us desired. 
The cast iron stand at If was designed especially for handling 
.transmission gear boxes in a service garage w'here one particular 
make of car was looked after exclusively. As designed it was only 
suitable for use with the gear box found in this car. By being 
.slightly modified to the extent of having ad,juslablc brace members 
Joining the two sides it could be used to advantage for a variety 
::of purposes. The 'small wlieel truck shown at I is known as a 
•.‘^creeper*' and senres keep the workpien off the floor when 
; working’underneath a car. This is provided with a head rest 
^at one end and it may be easily moved about without the wor.kman 
vusing it getting up from his reclining position. These trucks are 
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Con^truetion of Pits 

sometimes provided with a shelf at one side to support tools and 
to insure that these will move whenever the operator docs. The 
A'arious' pieces of furniture optiined will be susceptible to various 
changes that will adapt them to the specific work in hand, and a 
repair shop of any pretentions will be able to use all of the furni¬ 
ture shown to good advantage. 

Construction and Size of Pits.—The back shop shown at Fig. 
3, A, has two pits, and the arrangement of the W'ork benches can 
be seen. At the end of the sliort bencli placed against tlie boiler 
room W7i]l is a x>ipc vise, while at regular intervals along the benches 
are placed strong swivel visi«. This bench is 30 inches deep, about 
30 inches higli, of rough construction, aiul built very lieavy to 
stand abuse. The pits nre four and one-half feet deep, three and 
one-lialf feet wide and 31 feet long. They ui'c lined with lienvy 
])laiikiiig, and stairs permit the workinojj to descend and ascend 
without effort. Along the side walls of the pits and about two and 
one-half feet above the bottom, two pieces of two by four scantling 
are fastened, these to support a board that may be moved from one 
end of the pit to the other, as a scat for a workman. AVith more 
general use of the motor truck it will be well to install a larger 
and sI>allovver pit, as the mec}}aiiisin.S'of tlmse vehicles are carried 
higher than in the conventional touring car. Such a pit should be 
alx)ut three and one-half feet deep, four feet wide and 14 feet long. 
The edges of all pits should be sharply defined by a surrounding 
frame of two by fotir scantling, tliis being a guard to prevent the 
wheels rolling into the pit while manceuvering a car dbaut it. 

The view at Fig. 8 shows the depth of the pit with an operator 
standing upright and also depicts clearly the frame w^ork around 
the pit to guide the car wheels, Tlie amount of space allow’cd be¬ 
tween the edge of the pit and the workbench is also depicted. In 
some shoi)S it is ettstomary to have a pit cover made in sections so 
that when only one end of a car is to be worked on but a portion 
of the pit is used, the remainder being covered by one section of 
boarding to prevent tlie ^jrorkmen at the bench from falling into the 
pit. In some shops the electric wiring is run to pit interior and 
ends in a plug socket so t(at a drop light or extension cord may 
be connected without the necessity of having a long length of wire 
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trailing over the floor as is necessary when the cuiinoclion is made 
to one of tlie lamp sockets over the bench. 

Turn Tables, Lifting and Moving Appliances.—In many repair 
shops where the floor area is limited or where the floor si)hcr is 
broken up by a number of posts it is often difficMilt to move cars 
about even under their own j)owcp and it takes c'oiisideralde ma- 
nceuvoring to head the car around in the oilier direetioji. The ideal 
.solution of this problem is the turntable in its various forms. The 
simplest ami ehoapest is in the form of a small wheel truck a.s shown 
at Fig. Imving the wlieels iiionnled on a swivel carriage so they 



( Fig. 13.~Metliod of Utilizing Simple SulMtitate for Turntable. 


1 

' can run in* any' direction. To use this useful accessory the first 
^step is to jack tip the car as shown at-A, and then run the truck 
funder the w’heels letting the wheels down w'heu the truck is in place. 
* The car may be run onto the trucks under its own power at one end 
•‘while it is necessary to raise the other tw’o wheels in order to use 
fitlie tanll truck. When four of these are used, one under each 
Awheel, it will be possible to swing the heaviest car around without 
<much exertion. * * 

^ Au objection offered to the large turntable is that a pit is neces- 
’sary in order to have these flush with the floor level, and most of 
*the structures offered arc costly. A veiy simple arrangement that 
'will work very well without requiring alterations to the floor is 
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Moling and Lifting Appliances 

hown at Fijr. 14. This rests directly on the floor and consists of a 
ircular iron track liaving a number of ribs or si)okea radiating to a 
■ontral hub wliicli serves as a pivotal point for the load carrying 
•ai riagc. The carriage is made up of two channel iron beams fas- 
ened together by a spacer casting, luiving at its center a suitable 
u nriijg to engage the ])ivot pin. This serves merely to locate the 
(»ad carriage and is not called upon to sni)i)ort any of t,iie weight, 
ivliie.h is carried by a series of wheels resting on the track aiid 
eiirely attached to the side flanges of the cliannel section beams. 
As the. height of the beams fi'oju the floor is but two inches, it is 



Fig. 14.—Outlining Construction of Pltlem Turntable. 


lossible to use a pair of wedge shape planks as an appro? ch to the 
urntable. The side of the channel irons also servos a useful purpose 
)esides offering a means of securing the supporting wheels and 
pacer frame, inasmuch as they offer a guide so tlie wheels of the 
2 ar cannot run out of their correct path. These turntables may bp 
secured in sizes, capable of handling any weight of car and will 
)e found an effective substitute for the more expensive built-in 
urntable. 

Two forms of built-in turntable are shown at.Fig. 15. It will 
be observed that with these is necessary to make a pit in which a 
ortioif of the mechanism concealed. The form shown at A is 
built up of angle irons and steel plates and the load is curried at 
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Fig. 15 .^ 1 >e 8 igji 5 of TurstaUe SuitaUe for Oarage Uso. 
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the ecntre by a pivot or step journal mounted on a substantial 
concrete base and at the outer periphery by a series of rollers 
carried in supporting castings securely anchored to the concrete 
foundation. The form shown at carries the weight on a large 
ball bearing and has an added feature of having a catch basin for 
water and other drippings from the car at its centre, so this material 
will be conducted to a drain instead of hlling the pit as is the 
result when no precautions are taken for drawing the* liquid off. 
The design shown in section at C, is a modification of the type 
illustrated at B. ' 

One of the most useful of the accessories comprising the as¬ 
sembling floor equipment is the load-raising and supporting jack, 
various forms of which are shown at Fig. 10. The type at A, is 
a ratchet form having a single trip lever which can be set so that 
the same movement of the actuating bar will either raise or lower 
the lifting ram as jdesired. The jack at B, is similar to that at A, 
except that the lifting ram is provided with a double head, making 
it possible to use the jack on those low axles where it is difficult to 
get the jack directly under the member to be raised. The jack at 
♦ C, is a double geared arrangement in which the nut ser\dng to raise 
the lifting screw is turned by bevel gears worked by the customary 
lever. The tire saving jack which is shown at D, is used for keep¬ 
ing the W'heels of cars that arc to be stored for some time off the 
floor and thus relieve the tires of the car weight. These jacks have 
the advantage of being very quickly handled and are used one under 
^ each hub cap of the car to be raised. The lifting ram may be ad¬ 
justed to suit different wheel heights by means of a series of ratchet 
teeth which enable the lifting link to secure either a long or a short 
hold on the ram member. In addition to the types of jacks shown, 
a number of other forms have been marketed which do not gi\e 
the quick lifting necessary for use in making repairs, but which 
are much stronger and better adapted for weight carrying purposes 
when the car is to be supported for any length' o^ time. The form 
shown at K, is composed of tiiree substantial wooden, legs, forming 
a tripod and jointed together at their apex by angle pieces of steeL 
The lifting ram or screw may be raised or lowered by imparting mo- 
.tion to the nut resting on top of the wooden tripod. The form at P, 
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Quick Action Lifting Jacks 

is C'omposod of three castings, the centre one being placed under 
tlio car axle, while the two outside Ones form the base of the device. 
The height of the load-carrying member can be adjusted to a de¬ 
gree by placing the clamping bolt which hohls the assembly together 
through the desired hole in the lifting ram. The form at 0, is 
similar in action to that at K, except that the tripod is a suhstantial 
member iinidc hy slotting a steel tube at three ])oints and then 
spreading the legs apart and joining them by the brace pieces near 
the base. The jack or support at II, may bo const meted by any re- 
jiairmau and is made of .substantial timbers. Tim coiislmrlion is .so 
eleai'ly sliown that furllier description should be unjJoees.sar.v. 

Every repairman has oeeasions when it is n«’ 0 (*HSiiry to take eare 
of a car which lias met with sonuj aceidejit to the. wheels, axles or 
.steering knuckles, so tJiat it is impossible fm- the car to proceed 
on its own wlieels. Towing such a car hack to the garage is a 
tedious job if pvopi*r provisions are not made for supi)Ortiiig tlu‘ 
injured end of the car in a secure manner and yet one that will 
not offer any appreciable frielion. The common method of iirocc- 
dure ‘with a broken axle or wheel on a horse-draw’ii vehicle is to use 
a heavy beam as a su})port for the injiired member, one end being j 
secured to the good axle, wdiile the otiicr is allowed to trail on the 
ground. TJiis is not a good system to use with a heavy automohih*, j 
because the friclion between the end of the beam and tho ground 
is so great that it will he a great strain on the towing car if the 
load is to bp moved for any distance. A simple emergency truck ; 
wiiicli is known as the Weaver Ambulance, and with wiiich the i 
makers claim one driver is capable of tow’lng in .i disabled car, is 
shown at Fig. 17, A. The truck and one method of using it is- 
illustrated, and the marked feature is the case with which it inay 
bo attached and removed. Besides being used to support the fi\)nt 
end of the ear, as in tlie illustration, the truck may be employed 
as a substitute for any one of the wheels. The tongue portion is 
adjustable to suit requirements of the work to wliich the device' 
is ax>plied. , 

Mention has been previously made of the utility of n portable 
eraiw in the repair shop.* Tlicse arc capable of handling a wide 
diversity of W’ork and it is a practical and not expensive sub- 
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Fig. 17.—^Weight Carrying and Lift^g Appliances for the Bepalr Shop. 
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titute for jih overhead rail system. In the repair shop, for in- 
tanee, it has the special advantage of hep^g able to get into pfaees 
hat tJie overhead crane cannot reach. This form may be taken 
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to the work, whereas the work has to be taken to tho usual over> 
head trolley. Jt is of strong construction, and one man can handle 
four thousand pounds by its aid, picking, the same up with ease, 
transporting same, and placing it in any desired position. These 
cranes are made in various styles, tlie ordinary range of sizes 
adapted for repair shop work varying from one to three tons' 
capacity. The crane shown at D is a very substantial and strong 
form, and is shown in use lifting an engine out of a frame, at B. 
Another form of portable hoist is shown at C. This is virtually 
a high trestle mounted on wheels and well braced. Two winding 
drums are used, each serving one lifting roi)e. Owing to the drum 
operation by small pinions and loug hand cranks, the leverage is 
vorj' great, and one man may raise any load within the capacity 
of the crane. 

The need of some form of chain hoist in garages where the port¬ 
able crane is not used is more marked at the present time than 
was formerly the case when automobiles and their components 
were lighter than they arc to-day. The rapid growth of the mo¬ 
tor truck industry also means that heavy pieces must be handled. 
Where it was formerly common practice to cast motor cylinders 
individually and in pairs, it is pow general practice to use 4 and 
6 cylinder block castings which are difficult to handle, especially 
in the larger sizes. 

The chain hoist also forms an important unit of all overhead 
trolley systems, as a very effective travelling crane may be con¬ 
trived by using a simple wheeled trolley, running on a commercial 
T-section beam and having a hook to which tlie chain falls may be 
attached. The Simplex chaiii hoist shown at Fig. 17, E, is a two- 
speed device permitting great leverage and slow speed for heavy 
loads, and greater speed, though lessened leverage, for lighter 
weight. As will be noticed in the accompanying illustration, an 
endless chain runs over a chain wheel, which in connection with 
a pinion and brake wheel with ratchet teeth'in its outer rim 
forms ail automatic bralK to prevent the load ^rom descending. 

The pinion attached to the hand chain wheel drives a spur gear, 
which *is keyed to a second, shaft, at the end of which is another 
pinion. The last named member engages with an internal spur 
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frear, wliieh is keyed to the opposite end of the main shaft, to 
Tillich is attached the lift chain wheel. Motion is transmitted 
from the liand chain to the lift chain, and by pulHng on the 
hand chain, in either direction, the load is lifted or lowered. When 
hoisting a load tlie brake wheel, with its rateliet teeth on the 



Fig. 18.—Showing Practical Use of Portable Crane in Automobile Bepalr 

Work. 


outer rim, rotates freely with the. hand chain wheel and pinion, 
and without re8isbjfic&, us the ratcln^t pawl runs freely over the 
teeth. When thc.pull on the chain whee4 ceases, the pawl engages 
with the teeth of the ratchet on the^brake wheel, pi'ev<mting it 
from running backward, and so keep\pg the load suspended. 

Ill lowering the load the hand chain is pulled in an opposite. 
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direction, and but little effort is required to overcome the friction 
of the automatic brake, thus permitting the load to descend and 
holding the sainc suspended again, as soon as the workman stops 
pulling on the hand chain. The load can be lowered at a good 
rate of speed by a continuous pull upon the hand chain. By 
means of an ingenious arrangement of the lower block, tlie lift 
chain is locked to the chain wheel of the lower block, providing 
the two speeds vef(*rred to, making for Economy of time in handling 
light loads, (Mosed rings attached to a swinging frame provide* 
guides for tin* hand chain, enabling the oi)erator to stand away 
from under a load, pulling the chain at an angle, witliout pro¬ 
ducing any apprecialde amount of friction or wear ou the chain 
or guide. Tlio eoustpuction clirninates the |)ossibility of the chain 
wedging liotweon tlie wheels and guides. 

Ill many sho{)s it is inconvenient to provide x^its by whicli tlie 
workmen may gain access to the under portions of an automobile, 
A very i>rnctieal elevating device wldeh provides x>leiity of sx>ace 
for working under a car is sliown at Fig. 17, V and G. Tn tlie 
former illustration the front eml is shown raised, while at G the 
rear end is elovat<*d. This consists of a liglit, ineliiied runway 
made of iilankiiig and timbers upon which the ear may be run. 
A pair of hollowed blocks at tlie upper portion ip whicli the wheel 
tires fit provides a positive stop to X)reveut the car from rolling 
off the stand. 

Another useful device for use on the assembling floor that * 
saves considerable time wlien an entire end of a car is to be • 
raised, as is necessary for inspecting parts of the steeving system . 
or rear axle faults, is showm at II. This is known as the "Weaver • 
twin jack, and consists of a triangular framework mounted on 
wheels and carrying two lifting screivs actuated by bevel gears 
near the base of the triangular frame. A cross shaft carrying 
similar sized bevel gears actuates the lifting nuts on tlie vertical 
screws, and is in turn operated by a bevW*gear turned by a 
pinion, to which motion-is imparted by a hand, crank. The gear¬ 
ing is so arranged that a large amount of leverage is provided 
and the heaviest car max raised without any exertion. The 
hand crank is mounted in a swivelling bracket, which makes it 
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possible to operate the jack without stooping or to fold the handle 
over entirely out of the way. As the jack is carried on a wheeled 
frame, the car may be moved around even if the two wheels on 
the axle supported by the jack are removed. 

A reader of “Motor Life** sends a description of a quick action 
lifting jack that is very well adapted for garage use, though 
too bulky to be included as part of an automobile equipment. 
This form has been widely nised in connection with racing, as an 
entire front end of a ear may be easily raised and held by the 
force exerted by one man at the end of the long lever when a 
quick tiro change is necessary and where every second counts. 
The usual form of lifting jack operating on either the ratchet 
or lifting screw' principle would require considerable time to raiser 
the wheels clear off the ground, whereas the form depicted at Fig. 
19, A, w'ill do the work in 15 seconds. 

This consists of a handle or lever, 8 or 10 feet long, supported 
and pivoted between two uprights attached to the base. Under¬ 
neath the front end of the lever is a swinging post which supports 
the weight of the car when in a vertical position. The size of the 
parts and strength of the lever will vai*y with the W'eight of the 
car. The base, uprights and handle may be of wood. The base 
should be about 20 inches long and 6 or 8 indies wide, having 
the uprights mortised into the sides and braced with blocks on the 
inside corners. The uprights may be about 4 inches wide, both 
these and the base being of 1-inch material. The height of these 
uprights and length of the post will depend upon the diameter 
of the wheel and the amount it is to be raised. Supposing that 
the distance from tlie ground to the underside of the hub or axle 
' is 151/^ inches and that the wheel is to be raised 3 inches, then, 
allowing inches for the thickness of the base, the length of 
the post will ho 171^ inches minus the thickness of the lever under 
the wheel. 

This post or support may be made either of wood or iron, 
and pivoted underneath the lever in az^ convenient manner so 
that it will kwing freely. An iron rod with one end bent to form 
an .<^e may be obtained from any blacksmith shop for a few 
ccntjfc' - A bearing may be formed for this rod either, from wood 
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blocks or hesTy sheet metal attached to the sides of tlie lever 
as shown. The boles in these blocks as well as the eye in the 
upper end of the post should be large enough to take a three- 
quarter inch bolt. Another three-quarter inch bolt may be used 
to support the lever in the uprights. There will be considerable 
space between the sides of the post and tlie blocks, and this may 
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be filled by using a number of three-quarter inch washers on the 
bolt. The same method may be used to fill the space between the 
lever and the two upright pieces. 

On the top of the lever, directly above the support where tlie 
hub or axle rests, a sliallow V-shaped groove should be cut so 
that the axle cannot slip off the jack when raised. Tlie underside 
:)f each end of the base sliould be rounded off so that the jack 
'jan be slid over the floor of the garage without the corners catch¬ 
ing on i)rojcctions. The operation of raising tlie wheel is quite 
simple, since all that is necessary is to slip the jacOc under the huh 
or axle so that the weight will come direolly in the groove above 
tlie .support, when the car is raised by i>n‘ssing down on the 
outer end of the lever. Since the supporting post swings freely 
it will assume a vertical position when the car is raised, so that 
when the weight is taken off the outer end of the lever the post 
takes the entire strain of the load. In order to facilitate remov¬ 
ing the jack from the ear, a small wire rope should be attached 
near the lower end of the post and run through a ring in the 
outer end of the lever. Thus when the lever is pressed down the 
post swings free and may be pulled back from under the wheels. 

The jack is shown from two different viewpoints in illustration, 
but it seems that the builder of this has not taken the fullest pos¬ 
sible advantage of his opportimitics. If, as he says, jacking up 
is slow and tedious work, the device as shown only eliminates the 
work of raising the car by means of the jack, and substitutes for 
it the task of prying up one wheel at a time, then putting blocks 
or some firm and stable object of the right height under the axle, 
next letting the jack down and moving to another wheel. With 
the device as constructed, it would take four different applica¬ 
tions to lift a car entirely clear off the floor, two at the rear axle 
close td each wheel, and two at the front axle, near each wheel. 

It is possible ^ reconstruct the jack aa outlined so this work 
may be reduced to. (wo applications, one for the rear axle and 
one for the front.. TW'is donq by constructing the jack about 
as outlined, in duplicate,, fastening the two together at the 
front end\aitd ahio at the rear. In addition, it will be neci^ssary 
to make ^ handle much Ibnifer and stouter^ for whereas the former 
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jack lifted but 700 to 1,100 pounds or higher, according to the size 
of the car, this one will be rctiuired to lift just twice as much every 
time, namely 1,400 to 2,200 pounds, according to the size and weight 
of the car. 

For this reason, also, it would be well to increase the propor¬ 
tions all ov(ir. Devices of this sort have been built and usetl 
in n>any racing contests, m which the smallest fraction of a 
second >vas valuable^ The device in those cases was built of 
metal throughout, light weigiit being of no object. When Iho 
signal c-iime for a tire stop on the next round, this was wheeled 
f>ont into a eonvonient position, and wlicn tlie car sto)>ped it was slid 
under the axle, a couple of men jerked it down, raising the entire 
axle so wheels stood clear off the ground, and in less time than 
it takes to toll it, another pair of men were roidaeiiig the wheels 
and tires, or tires alone, as the case might be. Those were so made 
i with definite proportions that w'hen fully pressed down the jack 
would stay down of itself and did not require a inan to stand and 
hold it. 

A home-made cradle for bringing in cars having an injured 
*axle or wheel is outlined at Fig. 29, C. It can be constructed 
by any mechanic of avei*age ability from odds and ends, and as 
it does not take up much room it can be stored conveniently when 
not in use, though many uses will be found for it in the garage, 
even when not employed for the purpose for which it was pri¬ 
marily intended. This consists mostly of a built-up pair of beams 
/^forming the two long sides of a very acute triangle, the third 
side of which is formed by a pair of small metal wheels and an 
axle, such as might be found on any old farm wagon or other heavy 
truck. The axle is securely attached above the side beams, which 
are fastened together at the front. About 18 inches to 2 feet 
forward of this axle a pair of vertical supports are formed with 
a notch in the upper surface large enough to take an ordinary 
rear axle. In the sketch, the side bars are mar^d the up¬ 
rights for the car axle U, the wheels, W, W, the clips holding the 
axle to the sidebars G, the forward ends E, and the tie bolt holding 
^ them to|;ether and making appoint of attachment TB, The second 
^sketch shows the method of use ; the cradle is puAed undet thei * 
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chassis, so that the uprights catch the rear axle RA, then the front 
end E and the through bolt TB are fastened to the front axle 
EA by means of the chain C. This being the case, the rear wheels 
of the car do not rest on the ground, but the small iron wheels, C, 
of the cradle do, and the car is pulled home on these and the, ^ 
regular front wheels. 

The same outfit can be used for an undersiung frame by laying 
a board across in place of the uprights, and resting the rear 
axle of the car on this. In doing this, the uprights must be 
removed, so the board should be made with a pair of extensions 
and this bolted in place, using the same bolts as with the uprights. \ i 
A device of this kind has recently been placed upon the market 
by a western firm, this being finished up very neatly all over, 
while the sketch simply gives the idea for a more or less rough 
home-made cradle. 

Machinery Equipment for Small Shops. —The amount of mo- < 
chincry used in repair shop equipment will depend entirely upon 
the size of the shop and the character of the work it caters to. 
The requirements of the average small shop will bo met very well , 
by the use of a 16-inch screw-cutting lathe, a sensitive drill press,’ 
an emery grinder or twin wheel stand, and a forge outfit., If ail 
classes of work are to be attempted, a small shaper will be found 
very useful, as much of the work that can be done on a milling 
machiuo can also be accomplished on the shaper, .which is a less 
costly machine tool. In all repair shops, irrespective of size, the 
lathe is really the most important tool, and one good sized machine 
of this kind sliould he included in the equipment of any repair 
sliop worthy of the name, no matter how small. Practically all 
classes of machine work may be done on a lathe, as very efficient 
attachments may be obtained on the open market that will enable 
a mAehinist to do milling, gear cutting, alid grinding on this uni¬ 
versal machine tool. Drilling may be done without changing the 
lathe in any way.' About the largest part to he handled in any 
repair shop would be an engine fiywheek, as far as diameter is con¬ 
cerned, wd the longest piece woul<^ probably be a six-cylinder 
cranksh^ or live axle. It is not necessary to install 'ia lathe , 
capable of. swinging 24 inches in order to have a tool available 
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'rfor irork that would be unusual, as very effective results may 
be obtained by using a gap bed lathe which can be purchased at 
but slight extra cost over that of the regular tools. The ad* 
vantages of tliis type of lathe will bo considered in proper se¬ 
quence. A lathe that will, swing 16 or 18 inches will be suff¬ 
iciently large for most shops, though it can be supplemented by 
a smaller size adapted for lighter work if the funds permit. In 
buying lathes, especially for a small shop where the machine tool 
equipment is necessarily limited, it is well to remember that small 
work can be handled in a large lathe much easier than large work 
can be turned in a smaller one, and where it is imperative that 
%ut one tool be purchased, it will be the best economy to install 
a substantial machine. If a drill press is included, one that will 
swing 24 inches has been found large enough to haudle nearly all 
parts of automobiles. The sensitive drill press is used for drill¬ 
ing small holes, and should have a capacity so that'it will handle 
Mrills up to a half inch diameter, at least. 

Machine Tool Equipment for Complete Repair Shop. —An un¬ 
usually complete macJiine tool outfit is shown in the shop plans at 
^'igs. 5 and 6. With an equipment of this nature all kinds of 
repair work may be accomplished ocononiically and, iu fact, the 
outfits shown are sufficiently complete so competent mechanics will 
be able to build an automobile without outside assistance. As the 
lathe is the king of machine tools, the major portion of the equip¬ 
ment consists of these useful machines. Seven lathes are pro¬ 
vided, two being ten inch swing, three fourteen inch swing, one 
Eighteen inch swing and one capable of handling work up to 
twenty-four inches in diameter. A universal milling machine upon 
which a wide variety of work may be done is a useful adjunct to 
the lathe. A milling machine can finish fiat or irregular surfaces 
; .which a lathe cannot do unless fitted with a milling attachment' 
It will make Woodruff keyways or straight splines, it can cut 
gears, cams and do a variety of other vro^k that cannot be done 
on the simple lathe. 

A small shaper having about sixteen laches' stroke is also 
useful, because it will do much of the work done on a milling 
>machine and require simpler*tools. While a millii^ machine has 
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a greater range of woiic and tvill do it more economically than 
the shaper, the latter can be used to advantage in many cases 
where the cost of milling cutters would be much more than that 
of making the shaper tool and doing the work besides. Both 
milling machine and shaper should be provided, if possible. Three 
drilling machines are provided, one a sensitive drill for light work,^ 
the intermediate size, a back-geared drill j)ress, and for extremely 
large work, such as drilling frames, boring cylinders, axle hous¬ 
ings, etc., a radial drill is very useful, as it will handle any part 
of a motor car irrespective of size, A power hack saw, two emery 
grindej's, one used for rougliing puriwst^s and the other for tool 
grinding, and an arbor press, complete the etiuipiucut of tliis 
machine shop. 

Power for the Shop.—Just as electric current is superior for 
lighting, it also has many advjintages a.s a source oC power. The 
electric motor is an ideal power generator, because it is clean, 
efficient, economical, easily started and stopj)ed, compact and capa¬ 
ble of standing considerable overload. It makes possible in«lividual 
motor equipment of machine irjols in large shops and can be used 
very effectively for driving the line shafting of the smallest estah-^ 
lishnient, because it can be suspended out of the way 07i a platform 
hung from the ceiling or in the smaller sizes x)laced on a shelf 
attached to the wall or some convenient post. Where electric 
current is not available and where it is not profitable to install 
a generating, plant, the gasoline engine is an economical method of 
supplying power. The marked advantage of electric currant is 
that it may be employed not only for lighting, but for operating 
various portable drills, polishing machinery, air compressors, etc., 
and it also has a great advantage of . generating current that can 
be used for charging storage batteries, wliich are now included in 
*the equipment of all up-to-date automobiles, bm a source of current' 
for the electric self-starter and lighting system. Where electric 
current is not availab||^ from a municipal central station, a garage 
or repair shop of any size will find it more economical to install a 
generating plant and make its own electricity for lighting and 
power than to xise a steam or gasoliile engine which can gnly fur- 
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nish power and then depend upon kerosene and acetylene lamps 
for lightin(f, which naturally increase the fire risk. 

Small Generating Bets.—A typical generating set consisting 
of a four cylinder gasoline engine driving a direct current dynamo 
is shown at Fig. 20. The equipment is furnished in various sizes, 
and an outfit can bo purchased that will furnish current eeon- 



Fig. 20.—Isolated Power Plant for Oeneratlng Electric Oorrent 


omically for even the smallest shop. The outfits include switch* 
boards and all necessary governing and control appliances, and once 
the engine is started it requires no further attention, as it will 
perform the various functions incidenta^to cohtrolling its speed 
and power automatically.* Intend of using the line, shaft, as would 
be necessary with a gas engine belted direct, it is possible to in¬ 
stall individual motor dnve on the various machine tools, an 
example of which is shown at Fig. 21. *When one, considers that 
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the average line shaft consumes from 20 to 30 per cent, of the 
power delivered to it in journal friction, if any number of hangers 
are used, ordf the shaft is not absolutely aligned, it will be appar< 
ent that the use of individual motor drive will reduce this power 
loss appreciably. "When only two or three machines are to be 
driven, it is, of course, more profitable to drive these from a short 
length of shafting than it would be to provide a separate motor 



Fig. 21.—Form of Lathe tor Direct Drive from Dlectrlc Motor. 

for each machine tool, as one motor may be made to serve them 
all wliere the power requirements are not great. 

The writer does not mean to imply that the internal com- 
bustiott ..motor in its various stationary forms is not adapted for 
power delivery in small units, because many repair shops, some 
having a very complete equipment, obtain their power directly 
from ail oil engine which is the most economical of the various 
power*generating units. When a generating set is used it is 
ixec%^ry to use an enginq of greater ^ower than would be^ieeded 
if beltbd directly to the shaft line, Cut as in most installations, 
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Fig. 22.-«-8flctloMl View of One O^Under Vertical Ou or CHwoUne 
Engine 8ultat)le for Autopioblle Repair fibop Foweir Fla&t 
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the electrical current is to be used for lighting as well as power 
it is, of course, necessary to provide an actual surplus over tiie 
power needed to run the shop in order to furnish the current for 
illumination. 

As practically all automobile mechanics are familiar with the^ 
explosive motor, owing to its almost universal use as a prime 




rig. 23.—Outlining Method of Installation of Stationary Cas or Gasoline 

Engine for Shop Power. 


mover in automobiles, it is reasonable to expect that many Isolated 
repair shop owners will avail themselves of the opportunity to* 
use a source of power with which their workmen arc thoroughly 
familiar. A ohe^ylinder vertical eugiue adapted for stationary 
power is shown in section at Fig. 2^. Two large flywheels are 
i^ed to insure steady running, and the power generated may be 
delivered ^ the shop shaft by Jlirect belt connection between 
the’engin^ulley and a corresponding member on the shaft, Th^ 
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method of installing a horizontal engine adapted for stationary 
power and the provisions made for cooling the cylinder and dis¬ 
posal of the exhaust gases are so olearjy shown in Fig. 28 that it 
is unnecessary to describe the installation further. For the very 
^mall shop using bat few machine tools, it is^ot necessary to use 
the type of cooling system required by the larger powered en¬ 
gines, as the two or three horse-power necessary to operate a 
small lathe, drill press and emery grinder can be delivered .eco¬ 
nomically from the 
simple hopper cooled 
^ngine, such as shown 
at Fig. 24. 

Where a gas or gas¬ 
oline engine is used for 
power, it is necessary 
^0 provide a substan¬ 
tial foundation com¬ 
posed of masonry and 
concrete as shown at 
23, or of heavy 
timbers as shown at 
Fig. 22, in order to prevent excessive vibration of the floor. If pos¬ 
sible, the engine bed should not |^t on the floor, but the foundation 
should be carried down to solid earth. The smaller hopper cooled 
engine of two or tlrree horse-pow'cr may be bolted directly to the 
^hop floor, as these will not vibrate enough to be objectionable. A 
marked advantage of an isolated generating set such as shown 
at Pig. 20 is that it may be housed in a structure separate from 
the repair shop proper, reducing the first risk, w'hereas, where an 
^engine is belled directly to the line shaft, it is usually in the 
^ame building as the machinery it drives. 

One of the important advantages accruing through the use of 
a gas or gasoline engine is in the economy of this* form of power. 
If an engine is used capable of running on fuel oil instead ot 
gasoline, there will be a marked saving, and the absolute limit in 

r the low.‘cost of power production will llfaye been reached, the 
only forms of power showing to better advantage being those de- 



Fig. 24.—Gas Engine Suited for Small 
Bepair Shop. 
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rived from natural sources, such as -wind and water, neither of 
which can be applied universally. The table of power cost pre¬ 
sent^ herewith shows the relative expense of various forms of 
power among which are included three forms of steam engines, the 
gas engine using manufactured or natural gas, the internal com-^ 
bustion motor using gasoline, the electric motor and tlie oil en^ 
gine. Where the power requirements arc not severe, the gas or 
gasoline engine in the smaller sizes will not prove so expensive 
to operate as to call for the use of an oil engine which is not as 
easily started or kept in operation as the forms burning gas 
derived from the various gas-producing methods or by the vapor-j 
ization of volatile hydrocarbons, such as gasoline. . 


TABLE OP POWER COSTS 
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Power Required for Machine Tools.— The amount of power 
to be provided in a repair shop depends entirely upon the chur* 
acter and number of machines to be driven. If a line of shafting 
is to be used to turn the macliinery, and especially if there are 
individual countershafts for each machine, as is needed for most 
machine shop tools, it will be necessary to double the power re> 
quirements of the tools used, as given in the accompanying tabu¬ 
lation, to take care of loss of power through belt slip, journal 
friction, lack of machine alignment and other causes. The figures 
given are taken from the best mechanical authority and are an 
average of some widely different estimates for the same class of 
machine. 

Energy Consumption of Common Machine Tools 


Mackino H. P. 

Sensitive Drill . .32 

Back Gear Drill Press (20").42 

Back Gear Drill Press (30") ...45 

Radial Drill (medium size) . 1.12 

14" Lathe.2fl * 

16" Lathe.38 

24" Lathe.44 

30" Lathe.65 

Speed Lathe.15 

Milling Machine (small) . .19-.29 

Milling MHchlne (large) . .83 

Shappr (14") . 35 

Shaper (24") 52.70 

Planer (small) . .00 

Planer (medium) .50 

Tool Grinder (one wheel) . ,97 

Tool Grinder (Iwo wheel) . 1.15 

Heavy Boughing Grinder (two wheel) . J.90 • 

Polishing Stand (High Speed) .1.00 

Power Hacksaw (12" to 14").06 


Installation of Machinq Tools. —The placing of the machinery 
will depend entirely upon the ideas of the master mechanic and 
the best^method of installing'line shafting will; of course, depend 
• upon the chai*acter of the Imflding and th6 materials of which the 
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wall or ceiling to which it is attached is constructed. If the ^ 
floor space permits, the machinery should be arranged so that all 
may be driven from a single main line of shafting. It is well 
to remember that a reduction of the length of the shaft and the 
number of hangers for its support decreases journal friction and 
consumes less of tlie shop power. If the machpes are on the 
ground level, as is the case with most small shops, the floor may 
be ma^e of heavy planks, attached to substantial beams laid over 
a foundation of cinders or well grouted crushed stone. A floor of 
cement should always he planked over because the wood flooring 
is much easier on the feet of the workmen. It seems almost 
unnecessary to mention that a perfectly level floor should be 
sought for. It is imperative that the floor be substantial enough 
so it cannot vibrate and have sufficient strength so it will not 
deflect under the weight of the machine tools. There is some 
danger from tliis source, if the machine room is placed on an 
upper floor of a converted building that has not been especially 
constructed for automobile repair work. All machinists and mill¬ 
wrights agree that the foundation for the bed of a machine should 
have no deflection, if the life of the machines and the accuracy; 
of the work performed upon them is to be given consideration. 
The problem is considerably simplified when one considers that 
in automobile repairing, machine tools of great weiglit are not 
used, so there should bo no difficulty due to either floor vibration 
or deflection in any brdinarily well constructed building. 

The floor plans presented at Figs. 3, 4, 5 and 6 inclusive show 
logical arrangements of machine tools that can he followed to 
advantage. The lathes, milling machines and shapei*s should be 
installed where there will be plenty of light upon them, and it 
js well to group all lathes together, if possible. Drilling and 
boriflg machines must be installed with ample floor space aroun<l 
them so the large work can.be handled to advantage. Ample 
room should be alMwed around each individual machine, and there 
should he sufficient space between the Jt>cnches and tools to allow 
the workmen at the bench to pass between the operator at the 
suLchlne and the benrii with room .[to spare. An ideal,method 
of; installing an electric motor, if this is used as a source o^ 
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Pig. 26.—Sim^ Fonns of Lalbhos. 
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power, as would be the case in any city or town where central ^ 
station current was available, is to support it on a stout platform 
suspended from the ceiling at any convenient point and to make 
a direct belt connection with the main driving pulley of the line 
shafting. The proportions between the motor armature pulley 
and that on the line shaft should bo such that the speed of the 
shafting will not exceed 300 B. P. M. The switches, starting 
rheostats and fuse blocks should be placed on one panel at a 
convenient height on the wall. As an electric motor needs but 
little attention, in some shops it is hung directly from the ceiling, 
i.e., the base is securely attached to the beams by lag screws. If 
precaution is taken to change the location of the lubricating oil^ 
wells under the main journals, a motor can be operated just as 
well upside down as in any other position. Where central station 
current is procurable and but few machines arc used, the indi¬ 
vidual motor equipment docs not have the advantages in a small 
establishment tliat are presented in its favor when used in the large^^ 
manufacturing enterprises. While an individual motor for each 
machine eliminates a large amount of overhead shafting, belting, 
etc., and conduces to a lighter and cleaner shop, it is donhtfijjYi 
if the advantage of rendering each tool or machine indcpcndeni 
of the others as regards power W'ould corapensate for the cost of 
such an equipment. It is doubtful if individual motor drive W'ould 
be an economy in the repair shop if one considers that most com¬ 
panies supplying enrreut make a fixed service charge, this being 
figured so closely that it is almost as .cheap to keep a low power 
motor going all day as to keep shutting it oif and on or using u 
varying number of smaller motors having in the aggregate some¬ 
what loss power. Ilesides, in a repair shop of any size, it is not 
, likely lliat there will be any lull in the work, and power would 
be- required from morning to night, % 

The Lathe, T 3 rpes and Accessory Equipment.—'Two very simple 
forms of lathdb which are better adapted for the private garage 
repair shop than for general work ar^ shown at Fig. 25, That at 
A is a foot power machine that is capable of doing very fine work, 
and that is well adapted for experimental and light repair pur¬ 
poses. It will awing nine inches *and has a space of 25 inches}* 
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between centers. ^ The tail stock can be set over for taper turning:, 
and a swivel tool carriage permits a wide range of work. It is 
provided with a lead screw and is suitable for thread cutting. 
Tlie^thc at B is a small speed lathe that is shown with a tool 
f rest adapted for hand-turning tools. This can be replaced by the 
usual form of cross slide rest, making it suitable for metal turning 
work. A small lulhe of this nature is included in many repair 
shops for w’ood turning and is often fitted with a drill chuCk and 
used in place of a scjisitivo drill for light drilling. A machine of 
tliis kind is ui(‘xponsivc and very nscful. The light screw-cutting 
tlatlic shown at A is also furnished witli a countershaft, making 
it .suitable for ])o\ver dnve, tliongh a surprising quantity of accu¬ 
rate work may be accomplished without urulnly fatiguing tin* 
operator, if the foot power form is uliliml. 

Ail lathes, witli the jjossible exception of the speed lathe, in 
^ order to he thoroughly practical for repair simps, .should have 
scrow-cutliiig aUachincnts, elevating compound rests, liollow spin¬ 
dles and a ffood outfit of auxiliary nttaclimcuts. Several sizes (jf 
^chucks and face plates, and a steady rest and back rest for long 
^w’ork, should also be provided. A lathe that will cut from four 
to forty threads per inch lui.s sufficient range for all ordinary 
shop work. A number of different designs of lathes of latest 
pattern suitable for repair shop use are shown at Kig. 26. That 
at A is the conventional form of engine lathe that has been so 
universally applied in the machine shops of the w'orld. It is back 
k^-geared and provided witli a complete set of gears for screw cut¬ 
ting. The difference between this lathe and that shown at B is 
in the change speed gear box provided, by which any desired 
speed of travel of the carriage may be obtained by merely shifting 
a lever. In the form shown at A it is necessary to remove the 
driving and stud gears, and in some cases the lead screw gears, 
and replace them with others for varying cjai^ of work. In 
the form at B any desired gear ratio within the, range of the 
tool may be obtained by ‘the simple movement of a gear-shifting 
lever. ' , 

The lathe at C is a ga{^ bed one of which should be in- 
' eluded in the equipment of practically all repair shops, and if 
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Fig. 26.—OatUnlDg PnctleAl DMlgns Lftthes for Automobile Bepair 
• . Shop Uw. 

'*1 

only one latne can be purchased this should preferably be of this 
type. The gap in. the lathe bed makes it possible to swing, much 
larger work than Wotdd be possible Jin either of the forms ghoVn. 
at A or B, and a well designed gap bed will not be appreciably H 
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weaker than the solid be4 form. All ordinary work may be 
handled on a lathe of this form, and in addition, the outK)f-the- 
ordinary jobs, snch as machining a flywheel, facing a large clutch 
cone or plate, etc., can be accomplished when desired. 

A complete outfit suitable for most of the requirements of 
garages and general repair shops, which sells for approximately 



ng. 27.~Typical Screw Cutting Engine Lathe with Complete Equipment 
Adapted for Automobile Bepair Wo/k. 


$200, is shown at Fig. 27. This includes a 13-ineh swing x 5^-foot 
bed, back-geared, screw-cutting engine lathe. It is provided with 
automatic longitudinal andi^cross feeds. The cone pulley has four 
steps for a two inch belt. The ratio on the back gearing is 7 to 1,' 
The tail stock is cut away to,permit the compound rest to be swung 
arou^ to 90 degrees, and is fitted with a sleeve, bored to conform 
to.^orse taper No. 4, add has a self-discharging, center. The tail 
stock may be set over for taper turning. The cross feed screw has 
a grstduated collar so the feed may be regulated to one-thousandth 
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of an inch. Change speed gears are furnished to cut threads from 
5 to 36, including 11*^ pipe thread and one extra compound 
gear to cover all special threads from 3 to 72. The special garage 
equipment consists of the parts outlined in illustrations. These 
are large and small face plates, follow rests, steady rest, com¬ 
pound rest, centers, wrouclies, full set of change speed gears, 
double friction countershaft, four jaw iiidej)endent chuck, drill 



Pig. 28.—Useful Lamp Supporting Bracket for Um on Latke. 


chuck, set of lathe dogs, and a set of turning and boring tools. An 
equipment of this nature is not only practical, but if the complete 
outfit is purchased the garage man is dure of obtaining a practical 
machine tool for all ordinary repair work. The outfit shown would 
be the same regardless of the size of lathe purchased, except that 
the auxiliaries, such as face plates, oHu^s, and tools, would he 
all properly proportioned for the machines they were to be used 
with. In purchasing a number of latties it is not necessaj*y to 
.buy a full equipment for each lathe. *For instance, two chucks 
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Fig. 29.—^Useful Appliances to Facilitate Latlie Work. 

t 

and two face plates would be enough for four lathes if these were 
of the same size. The follow rest and steady rest, which are aiot 
used continually and forming the part of one lathe outfit, would, 
of course, be suitable for any others of the ^sarae pattern. The 
various types of latlie to(^, chucks, etc., will be considered more 
at length in the next bhapter, which deals with the small too: 
equipment of the shop. , 

A lathe is not complete without a number of additional con 
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veniences, such as shown at Figs. 28 and 29. The importance 
of proper illumination of the work is apparent, and this may be 
assured by using a universally jointed incandescent lamp support 
such as shown at Fig. 28. The universal joints make it possible 
to set the lamp at any desired angle and at any point that is most 
convenient for the operator witliiu, a wide range. When cutting 
resisting materials, such as the alloy steels used so widely in auto< 
mobile construction, as well us when taking roughing cuts, the 
lubricant container shown at Fig. 29, A, is of value, ns it not 
only is capable of ready attachment to the lathe carriage, but will 
direct a constant stream of lubricants or cutting compound on the 
point of the tool in order to prevent it from becoming overheated. 
As the container is supported by the carriage, it must move in 
proper relation with the cutting tool. The rack shown at B is 
an important adjunct, inasmuch as it provide® a place for holding 
the machinist's tools where they will be accessible and yet out of 
the way. The base of the rack is designed to fit the lathe shears, 
and will keep various wTenelies, files, etc., out of contact with the 
lathe ways. A draw'er is provided, which may be locked, in which 
the macliinist can keep his finer tools, such as the micrometers, 
calipers, etc. Another adjunct to the latlic is the tray mounted 
on a wheeled stand shown at 0, designed to be placed under the 
lathe bed to catch chips and borings of metal and keep these 
from th(^ floor. Its construction is very simple, and as it is made 
entirely of metal, it is durable and fire-proof. The various articles 
of equipment outlined are marketed by the New Britain Machine 
Company. 

Shapers, Planers, and Drilling Machinery.—Both the shaper 
rand planer remove metal from fiat surfaces, whereas the lathe is 
, eeecntially a tool for macliining cylindrical surfaces. In the shaper, 
[ wh)ch*ds shown at Fig. 30, A, the work is mounted in ,a fixed 
I work-holding vise, while the cutting 'tool is carried in a tool post 
i mounted at one end pi the reciprocating shaper head. The work 
[may be moved laterally by hand or ijpower feed, while the tool 
fmay be raised or lowered to get the deptli of cut by the lever C. 
$The tool-post is mounted on an index so that it may be set aj; any 
^desired .single. As previously stated, nfneh of the work that can 
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bo done on niillingr mtchino.s can also be performed on the shaper 
with less expensive tools. 

The planer, an example of which is sliown at Kiff. 30, B, is 
better adHpt(?d for liaiidling large work than the sliapcr. In a 
planer the. tool is fixed relative to the work, except as relates to j 
vertical or lateral fcixls. The tool is clamped in the tool post E, 
wliieli is provided with an index fixture similar to tJiat of the shaper 
and a hand feed lever for setting the deptli of eat. The tool 
post earriago may he moved up or down on (he snp[xirting stand¬ 
ards by nujans of a hand crank wliieh operate.s tlic bevel-raising 
goal's. The work to be nnuihined is semi red io tljo idaner bed 
or ])laten B, whieh slides upon the ways nniehineil in the bed A. 
As ^^ill b(5 evident, tbe w'ork is brought against a fixed cutting tool, 
whereas in tlie shaper the work is fixed and tlie ciiltiug litol rcei])ro- 
cates over the work snrfaeo. A planer is useful in inaeliining 
large objects such as motor crank eases, gear boxes and machining ^ 
the flat surfaces on cylinder eastings. 

The drilling machinery jirovidcd should include a back-geared 
drill press having a table capaoilj' to swing 24 inches. A typical 
machine of this nature of good design is shown at Fig. 31. Tlnsf-- 
tool slionld be. back geared, meaning that the sjiiudlc speed may 
he slowed down for handling large drills <»r doing h«‘avy work. 
It should have both hand and power feed and a table adjustable 
for both height and position. In the niuchine shown the table may 
he swung entirolj’ clear or off to one side and largo work supported 
directly on the base wliieh is provided with slots capable of taking 
T-bolts. The spindle wliicli holds the drills may be raised by a hand* 
lever for quick feed, by a hand wheel acting through worm gear¬ 
ing for slow feed and by level gears for power feed. The spindle 
drive shaft is provided with a keyway and passes through the 
main drive bushing winch is driven by bevel gears at the top of the 
column. A drill press may also be used for boring and will handle 


large work that 'citonot be conveniently supported in a lathe. 

A large variety of milling work^bajj also be done if a milling 
machine attachment such as shown at Fig. 32, A, is provided. 

has a circular base about 12 inches in diameter and & table 
16^ inches long z 61/^ inches wide. A longitudinal feed of onp' 
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Fig. 31.~Medlum Size Back Geared Upright SriUlng Machine. 

A • 

foot and a cross feed of 7 inches is provided by the fixture itself, 
which can, of course, be inoreased somewhat hy swinging the drill 
table. The table of the jfttachment is provided with slgts for 
* three half-inch T-bolts for clamping work, and the vise jaws pro- 
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v’ided have' an opening of ten inches. The table is provided with 
an index support so the work may be set at any desired angle. 

If possible it is well to provide a smaller drilling machine hav¬ 
ing hand feed only, which is known as the sensitive drill pr<^. This 
>hliuld have three or four speeds and be capable of taking drills up 
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. ^ Fig. 32.—Practical Machine Tools for Small Machine Shop. 

to at least three-eighths of an inch in diameter. The table should 
be adjustable up'of down and sideways, the arm should swing to 
the right or left and should be of the type that permits one to put 
either a V-block or cup to support bar stock in- its place. A light 
fom of sensitive drill that is suitably for use on the work bench 
‘ aiid ‘ladiich is electrically operated by a small motor is shown at 
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Fig. 32, B. A variety of speeds is obtained owing to the friction 
drive. The starting rheostat and switch are mounted conveniently 
on a base permitting secure attachment to the bench., 

Among the smaller appliances that arc comparatively inexpen¬ 
sive and yet very useful may be mentioned the power hacljsaw, 
which is not only simple but consumes very little power and is 
automatic in action after once being started. It occupies but little 
floor space and is very useful in cutting pieces from bar stork, such 
as steel, iron, or brass more than an inch in diameter. A typical 
power hacksaw is shown at Fig. 32, C. This consists of a frame, 
reciprocated by a crank, which imparts its motion to the saw 
frame through the medium of a connecting rod. The crank is ' 
turned by a pulley wliicli is usually belted direct to a very small 
pulley on the lino shaft and -which turns at a speed considerably 
lower than that member. The feed.is automatic and may be varied 
by altering the ptisition of the weiglit regulating the amount of j 
pre&snre with which the saw bears against the work. The piece ! 
to be cut is securely held in a vise attaelied to the bed of the ma- | 
chine which is supported on cast iron legs in order to raise it to a • 
convenient height from the floor. A simple trip is provided, so ) 
that when the piece is Ra^ved through, the drive will ho interrupted 
and the savr frame will remain stationary. j 

An arbor press of large capacity is almost a necessity, and in 
even the smallest shops some kind of a press is essential for making . 
force or press fits, removing parts forced oUj straightening bent 
axles or tubular housings, and for removing arhoi i from parts ma- * 
chined on the lathes or millers. A«press capable of exerting 10: 
to 15 tons pressure will be sufficient to cope with any work brought 
into the ordinary shop. One or two smaller arbor presses can be 
used to advantage and should be mounted directly at the ends, of 
the large lathe beds, these serv'ing to straighten small parts, such' 
as valve stems, etc., and to. do light work in making force flts, and 
in inserting and removing arbors from all wdr^ in whicli these are 
necessary. • 

A number o^ different designs of arbor presses are shown at 
Fig. 93. That at A, has a,distance between screws of 20 inches and 
a distance between the head and table of 36 inches. Its capacity 
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is one hundred thousand pounds and It weighs 870 pounds. It is 
a very convenient press for use in the automobile repair shop and 
its construction makes it .si>ecially well adapted for pressing sliafts 
into and from pulleys, flywheels, gearlmbs, etc., and also for 
straightening automobile shafts. The engraving sliows the con- 



Flg. S3.—Showing Construction of Arbor Presses and Shaft Straightening 

Machines. 

struetion and principle of operation of the machine very distinctly. 
Two large guide 8(;r(jwa rise from the table upon which the cross 
head is adjustably supported, as it has two semi-screw nuts and 
toggle mechanism by which the cross liea3 is held fast or released 
for vertical adjustment. The cross head is balanced by weights, 
■as shown, and a steadying bar connects ttie press cup with the*press 
screw. A-spur-toothed ratchet wheel is fixed on one end of tlie 
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press screw, this b<‘ing embraced by a forked lover head fulerumod 
to oscillate on Iho press screw. A double acting spring pawl en¬ 
gages the t(‘eth of the ratchet, and a hand crank is attached to the 
press screw in order that it may be raised or lowered quickly, if 
desired. After tlie object has been placed in the press, the cross 
head in which tin? central screw is niountod can b(^ instantly dropped 
to llie work, and with a few turns of the screw the r<*quired pres¬ 



sure may be applied. An important saving in time is thus effected, 
compared with the method where a number of blocks must be 
})lacod on the bed plato to raise the object sufljcientiy to bo acted 
on by the press screw. Tapering squared sockets are provided in 
each end of the pawl carrier to permit the introduction of the long 
bars, shown leaning against* the press base, which will provide a 
very great leverage on the screw. The small arbor press shown at 
’C, is of the Qreenerd type and is intended to be placed on the lathe 
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shears where it will be handy to the operator. Such a press is very 
useful for small work. - 

For straightening shafts a special form of press is provided 
which is superior for that work as it is designed for it. A typical 
shaft straightener is shown at Fig. 33, B. As will he notiwd, it is ^ 
very similar in construction to an arbor press, except that tlie base 
is provided with a slot in which V-blocks are placed to support the 
shaft. Another V-block is attached to the end*of the screw and 
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bears upon the shaft. In order to ascertain if the shaft is properly 
straightened, a pair of centers are mounted in front of the press on 
a long bar attached to its base. As a shaft must be placed on 
centers a number of times in straightening in order to observe the 
progress of the work, the combination shown, is evidently superior 
for the purpose. With the usual form of arbor press the shaft must 
be taken to a lathe and sw'ung between the centers after each press¬ 
ing operation. The process of shaft straightening is a comparatively 
simple one, as it is revolved on centers and the high spot indicated 
by holding a piece of chalk against the shaft surface. The high 
apojt is then placed directly unda|Jhe press screw and the pressure 
brought to hear against tlie sha^Will^ tend to straighten it, owing 
to its two point support. , • 

, Another very good form of press for repair shop use is shown ab 
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Tig. 34. At A, the method of removing gears from a shaft is shown, 
while at B, the press is depicted straightening a shaft. The press 
is easily handled, as a small hand wheel is provided on the front 
of the machine to run the ram quickly up or down. This press has 
a 36 inch space between uprights, a 12 inch opening under the 
plate, 26 inch over the plate and 48 inch over the lower plate 
or table. Being mounted on w'hcels the preas can be easily moved 
to any portion of the shop to straighten an axle or over a trap hole 
through which a crank sliaft may be placed to remove a flywheel. 
The auxiliary plate at the bottom of the chamber under the re¬ 
volving plate has a revolving centre and is very convenient when 
needed. The centre of this plate is provided W'ith a self-centering 
surface or a splierical or ball joint which will insure steady press¬ 
ure on the centre line of the press even if the work is tilted slightly 
wlien it is initially placed. With this press one man can exert 
a i)ressure of ten tons and two men sixteen tons. With the lever¬ 
age form, tlie workman is able to “feel” what he is doing, therefore 
the danger of applying excessive pressure is avoided. 

Special Tool Attachments of Value.—Many special devices can 
lie used to facilitate maci>ine work which should be included in the 
equipment. In automobile repair work many irregular pieces are . 
handled, and it would seem to the writqy that a set of universal I 
angle plates, which could be used with equal facility on the bed ' 
of the drill press or shaper or on the face plate of the lathe, would : 
be an excellent investment. Then there are the index heads, which j 
cun be mounted on almost any machine tool, und which enable 
one to cut gear teeth, mill slots, or drill boles at regular intervals ; 
around the. periphery of a circuit piece, without time spent in j 
laying out. The vises for holding work on the drill press or 
shaper should be a pattern that they can \isc on the face plate 
of the lathe, and two or tlirec different sizes can be employed 
to advantage. Special boring bars, cutters, jmd grinding wheels, 
slioidd be provided, as needed,' A small portable electric motor 
os shown in Fig. 35 tnoun||P on the lathe tool rest can be 
used in grinding, both uateiSal and external. For the sharp¬ 
ening of drills, cutting tools, reamers, etc., small universal bench 
grinders as at A, Fig. 36, driven directly by small electric molor 
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Fig. 36.>rPractical Forms of Grinding Macblnsry. 


5 or l).v l)olt from tliQ Ijnc sliafting, cna "be proflUiWy installed. The 
rccjnipment of drills, taps, reamers, etc., will depend entirely upon 
j' the capital one wishes to invest in speeial*epuipmeut, but endeavor 
fislioulii be made to have an‘assortment* that will include most of 
Uhe standard sizes employed in making automobile parts, ^hese 
|ar(; considered in the following chapter. 
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Another Jorm of bench griuder, provided with straijfht and an¬ 
gular rests and capable of driving two wheels, is shown at B. This 
is a sliglitly lieavier form tliari shown at A, but is not sufficiently 
heavy to i’ef|uiro tlio use of a special suppoid; The grinder shown 
at is also iiitcnd<‘d to be mounted directly on the work bench 
aiul in contrast to the other forms shown, which arc dry grhiders, 
it is }jroviiled with a housing and a small water tank for all forms 
of wet grinding. A very useful ai)plianee for \ise with a lameh 
grinder is'shown in this illustration. This is an adjustable work 
rest wliicli can be set at any angle, making it espeeialiy valuable 
f(jr tool gi’iiiding. The maebbio illustrated at D is a small two- 
wbeolefl grinder mounted on a substantial base wbieh incorporates 
a countershaft beneath the table. The grinders shown at A, J3 and 
0, make it necessary to install eitlior a coiuitershaft with tiglit and 
loose pulhys or a cliiteli pulley over them to drive. The grinder 
sliown at-D, with ititegral countersbaft can be belted directly to 
the main drive shaft. A grinding mnehine for heavy work is shown 
at K. Tins is the same in general construction ns the lighter forms, 
except that it is much more substantial. Attention is directed to the 
surfacing atUichincnt mounted over the grinding wheel. This may 
b(5 J’aiHcd or lowered as desired, ami as the table is accurately pinned 
and surfaced it is very valuable for grinding work absolutely flat. 

In many small shops it is not possible to furnish a v<jry comphde 
assortment of machine tools, and while tools designed for a speeitiu 
piiri>ose are alw'ays best if they can be purchased, it is somclinies 
possible to do very satisfactory work on simple r-achincs adapted 
for a variety of work. A s^ll bench machine that can be used 
cither as a lathe, drill press or nulling machine is-shown at Fig. 37. 
This may bo driven by a small electric motor or can be provided 
with a two-speed cone pulley, as shown. At A the niacliine is set 
up for use as a drill press, at B, the change of the attachment 
permits it to be employed for milling. Vertical feed is provided 
so the milling cutter may he raised up or down, and both cross 
and lateral feeds of the ^ork are obtained by hand lever. When 
used as a lathe it is possible to drive the lead screw through gear¬ 
ing s<^ that an automatic l^ral feed is obtained, this making pos¬ 
sible thread cutting operations. The flat table shown at A, can 
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be supplemented by an index table for use in milling. When 
used as a sensitive drill the feed is by hand lever attached to the 
drill spindle. This tool, which is known as the ^*bench machinist” 
is furnished complete with a countershaft milling vise, face plate, 
dividing head and tool post. When used as a drill press, the spindle 
may be adjusted to any desired angle and the work brought to 
the tool if necessary. As a drill its capacity is up to a half inch. 
The spindle fits a number two standard, Morse taper shank. When 



Fig. 37.—Combination Tool that Can be need as a Iiathe, Sensitive Drill 
or IdUUng Machine, Useful for the Small Bepair Shop. 


used as a milling machine the open aide design pormits the operator 
•to do work on long pieces such as cutting key ways, straight, taper 
or Woodruff; squaring ends of long axle, spliniqg and other work 
iof this nature. The diameter of the arbor is seven-eighths of an 
.inch and the extension arm permits the use of an arbor twelve 
inches long. This machine will cut small spur gears and bevel 
Igears. It will consubie but one-fourth of a horsepower -whether 
^used as a lathe, milling machine, or driU. While its capacity is 
flimited it can handle such a variety of work that it will be found 
,a valuable item of equipment in even, a macliine shop of •some 
IpreteusionSk 
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The repairman who do^ not use power may £nd a number of 
small machines turned by either hand or foot that will do very 
good work. A foot power lathe suitable for light repair work 
has been previously described. At Pig. 38, A, a hand-operated 
twist drill and tool grinder is shown, while at B, a small hand 
shaper which can be set up to form part -of an ordinary vise is 
shown. Tlie tool is carried by a reciprocating shaper-head worked 
by a handle, and the tool post may be raised or lowered vertically 
or set to any desired angle just as the larger shaper tool is. Screws 
are provided for both vertical and lateral feeds and a large variety 
of work may bo done. Such a hand sliai)er may be used for cutting 
keyw'ays, srjuaring shafts, repairing broken gears that have been 
hxed by the autogenous process where solid metal has replaced 
a number of broken teetli, aud for many otlier repairs tltat will sug¬ 
gest themselves to a practical mechanic. 

Miscellaneous Shop Equipment. —A number of useful articles 
of repair shop furniture are illustrated at Pig. 39. A and B are 
end and plan view's respectively of a substantial stand for working 
on automobile engines. The ehd pieces are cast iron leg mombers 
having a scnii-eircular piece at the top. A boss is provided to 
support a tlirough shaft upon which the motor carrying frame 
swings. Wien in the position shown at A, the motor is hung 
upside down, which provides ready access to the engine base. The 
motor carrying frame can be swung completely over until it is 
on tlic otlier side of the stand, under which conditions the cylin- 
,ders and parts at the top of the motor may be easily reached. 
As indicated liy the dotted line, the motor canying frame may 
be set at any intermediate point and firmly locked in place by 
bolting to the semi-cjrcular pieces at the top of the end castings. 
As will be apparent from the view at B, the motor frame may 
he designed so that the supporting members may be moved in 
order to hold motors of various sizes. With this form of stand 
it is necessary to bolt it securely to the fioor owing* to the overhang 
of tlie motor. # 

Au ingenious portable work-bench which has received applica¬ 
tion in a number of Europea^ repair shops is sliown at C. This is 
not radically different from the ordinary work-bench except that it 




Fig. 38.—Hand Operated 
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Shop Equipment 

has wheels under the legs at one end and a pair of barrow handles 
at the other end for moving it about. A vise is mounted at one cor¬ 
ner of the bench, a box-like slielf underneath permits carrying parts 
that are to bo worked on and drawers at the end of the table provide 
a convenient carrying-place for tools. The bench is of strong con¬ 
struction and its steadiness is increased by having rollers under one 
set of wheels only and mounting the vise and tool drawer so their 
weiglit is on the lega that have no wlicels. A ledge may be placed 
around three sides of the bench to prevent tools from sliding off 
when it is moved. 
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"Where city gas is available as fuel, the brazing stand at D is a 
practical article of repdrshop furniture. This consists of a large cast 
iron table carrying an air receiver between the legs and fixtures to 
support the brazing torches at any desired position above the table 
top. The top of the table is protected by fire brick, which members, 
are also used to form a furnace to concentrate the heat upon the 



Fig. 40.—Outlining Construction of Supporting Member for Chain Fall 
Attachment and Appliance for Cleaning Machine Parts with a 
Gasoline Spray. 

pieces tol)e brazed. Complete instructions for use of this and other 
forms of brazing appliances to be described will be found in chapter 
dealing with miscellaneous processes. 

The utility of chain falls has been previously considered, 
and it is somewhirt a problem to provide a substantial method of 
supporting these in shops where the overhead trolley is not pro¬ 
vided, The illustration at the' left of Pig. 40 shows a very aimple 
and strong supporting fixture for efiain falls or other hpists and 
may be easily made by any repair shop mcehanic in spare time. 
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all parts of the device arc clearly shown and dimensions ^ven, 
further description is unnecessary. 

One of the most disagreeable jobs incidental to repairing is 
cleaning the accumulation of oil, road dust or grease from parts 
to be worked on. The common method by means of a brush and 
gasoline is wasteful and time'Consuming, ^ndVit is not possible to 
penetrate all corners thoroughly, as many of these are inaccessible. 
Gasoline or kerosene under pressure will remove dirt without using 
large quantities of liquid. A typical cleaning outfit is shown at 
the right of Fig. 40. This consists of a large receiver fitted with a 
pressure gauge and with a shut-off valve to which a hose connec¬ 
tion is made. The tank is filled about half full of the cleansing 
liquid. The hand pump provided is used to force flir pressure into 
the container in order to produce a spray of liquid having force 
enough to dislodge the particles of dirt. These are inespensive 
and will save their cost in a short time by the saving in cleaning 
liquid. * 

In some lai’ge cities, notably New York, Chicago and Boston, 
there has been considerable agitation on the part of the muni¬ 
cipal and insurance autlioritics toward the enactment of legisla¬ 
tion making it compulsory for the automobile repair shop or garage 
proprietor to install separators attached to the fioor draiius iu order 
to prevent volatile infiammable oils, such as gasoline, kerosene and 
lubricants from flowing into the sewer. A device W'hich has been 
proposed by the New York authorities is shown at Fig. 41. It 
is built of boiler plate and standard pipe fittln^-s and the pro¬ 
portions can be easily ascertained by inspection of the illustration. 
The floor drain is connected to,the main drum upper portion and 
all water from the floor must flow into that chamber before it 
can pass into the sewer. As gasoline and lubricating oil are 
lighter than water, they will float on the top of that liquid and will 
drain off through, the vertical stand pipe extending from the 
partition forming the top of the lower compartment to a point just 
above the water line.. The^ lower compartment is provided with a 
gauge to show the height of liquid, a drain cock by which the 

lower comportment may he Emptied and a-large cleanout plug for 

* * ^ 

^the remoinl of sludge and residue that will not drain out through 
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the cock. A yent pipe extends from the lower compartment to 
the air in order to prevent the accumulation of any pressure due 
to gas generation from vaporization of tlie volatile liquids. The 
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Fig. 41.—Sepuator Intended to Keep Volatile Inflammable Liquids from 

Entering Olty Sewers. 

upper portion of the container and the pipe connections are also 
provided with cleanout plugs. 

Another form of separator is shown at'Pfg. 42. This is marketed 
to meet the requirements of the fire apd building departments of 
New York City and is known as the.Paragon Separator.* It is 
said that the best position for this device is near the side walk and * 
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under the floor with a hand pump projecting through the floor. 
The waste water containing gasoline and oil enters the branch floor 
drain and flows into a sand box where all solid matter is extracted. 
From this point the liquid flows through a screen into a U-shaped 
container and then out through a discharge pipe into the street 
sewer. Inside the main portion of the U-shaped container is the 
oylindricul oil chamber in which the volatile liquids are collected. 
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out. The sand box is placed in a convenient position so to afford 
ready access when new filtering material is needed. Belief pipes 
are provided in both the U-shaped container and in the oil chamber 
to prevent the accumulation of any presure in either of these por^* 
tions of the separator. 

Air Compressor Tsrpes.—All up-to-date repair shops, especially 


if they are an adjunct to a garage, or if they cater to tire repair 
work, have some power-driven source of compressed air. A blairt of 
air has many uses* besid^es that of filling pneumatic tires, as it can 
be used for blowing out loose carbon particles from the combustibn, 
chamber or hght chips and steel fragments from gear boxes or rear 
axle housings. The air blast may alscr be used for cooling heated 
steel, gradually when annealing it and can also be employed for 

t' 


Fig. 43.>—FortsUe Electrically Operatad Air Compressor Outfit 
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Air Votnpressor Types 

)||te8tmg pipe joints, fuel containers, etc. The illustration at Fig. 43 
shows a portable, electrically driven power pump suitable for public 
or private garages and repair shops. It is simple and compact in 
construction and as it is mounted on a wheeled base it can be easily 
drawn around the building or outside to the curb. A tank, 12 inches 
^ long and 6 inches in diameter, into which the. pump discharges, 
prevents condensation and oil from entering and injuring t)ie tire. 



Fig. —ConventiQiial Fonns of Air 0<»npre8SoiB. 

It is said that the pumping action is very rapid, as a 35 x 4 inch 
:tire can be pumped from flat to 70 pounds pressure in one and onc- 
half minutes. The motor is a Westinghouse, one and a quarter horse¬ 
power capacity, designed to operate from the lighting circuit and 
may be secured in any of tlje voltages commonly used. 

■^A group of air compressors of different designs is shown at Pisr. 
A4. Ths^ at A, is a powerful,'*hand operated double pump suitable 
IjlpT thqse garages and repair shops not provided with mechanical 
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power. It is operated through a lever which is sufficiently lonj 
it can be woi^ed by one or two men standing upright. The for 
at B is a substantial power-driven compressor of large capacity 
having an oscillating cylinder. This type is used only in larg'» 
repair sliops where it is necessary to use a large air tank wliich mu 



Fig. 45.—Sectional View Snowing Hale Curb Box InstaUed wltb .\uto* 
matlc Air Compreesor and Storage Tank. 

a 

be constantly filled. The air pump at C, has a vertical cylinder 
and is' driven from, an electric motor by moans of a spur pinion on 
the armature shaft which meshes with a large gear on the pii, 
crankshaft. Tliis is attached to a su'bstantial iron base and , 
intended to be bolted to the floor. A small portable power pump 
for use on the bench is shown at Pig. 44, D. This also is driveji 
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Air Compressor Types 

^ an electric motor, the power being transmitted from the arma¬ 
ture by belt connection to the rim of a large flywheeUpulley attached 
to the crank disc of the pump. The outfit at E is similar in opera¬ 
tion to that shown at C, except that a two cylinder air compressor 
is used. This is practically the same in general construction as 
the other forms illustrated, except that the use of two cylinders 
■makes for a more steady flow of air. 

A complete air compressor outfit provided with automatic regu¬ 
lating means and an apparatus to distribute air at the curb is shown 
at Fig. 45. This enables automobile owners to secure a supply of 
■air without ]ia\ing to drive the car into the garage or dragging 
a portable air t;ompressor outfit’ across the sidewalks. Tlie aecora- 
Ijanying diagram clearly shows the arrangc^ment of this outfit. .A 
tank is buried in the ground and this connects with the compressor 
outhii located in the basement. The lid of the curb box is tiusli 
with the sidoTvalk and in a few inches iroin the curb. The usei 
raises the lid, takes out the hose and when the operation of tirf 
inflation is complete,wlhe hose returns to the box automatically 
when it is released. The air compressor installation consists of a 
reservoir or tank in the basement, an air compressor driven by an 
electric motor and a control panel. When the air pressure in the 
tank reaches a certain predetermined amount, on automatic switch 
breaks the circuit and the motor ceases to drive the pump. As 
soon as the pressure falls below the minimum allowable, the auto¬ 
matic switch again functions to close the circuit and start the pump 
going. In addition to the pipe leading to the curb box a branch 
j)ipe may be run to the garage interior and to the repair shop as 
well. 

Lit^uid Fuel Storage.—The problem of liquid fuel storage is 
an important one for garages or repair shops, especially in cities 
fWhere the municipal regulations pertaining to the storage of vola¬ 
tile hydrocarbons are severe. If the fuel is to be used only 
fo‘ shop purposes, either of the fuel storage systems shown at 
- 46, A and D, will puovo practical. That at A is the hy- 

*dic system in whicli the gasoline stored in an underground 
ank is forced out by displacement, water flowing into the tank 
.'om the city main. The outfit at B also includes an under- 
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W-Mthods of Uduld radl Bt0»ge SuiUbl. f«* Bopalr BWp. .Bd 
‘ Oarages. 

^;p mere ga^Sne is sold to passing mo» two app^^<^ 

+hat^ijriU promote quick service are sUoyn ’ ’ _ . • 

StTc! is'a 1.0 "designed to be pHced outside of the garage ^ 
Sir si near the door or driveway so that ears 6.0 not^ ed fo 
S into the garage to he flUed. This serves merely to support 
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Liquid Fuel Storage 

a measuring pump drawing fuel from an underground tank and 
iiose which will extend from the pump to the fuel container of 
the car. The outfit shown at D, consists of a rectangular tank 
mounted on wheels and having the usual form of measuring pump. 
This tank will hold several barrels of fuel, can be moved easily 
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Fig. 47 ,—Outlining Two Practical Methoda of Raising liquid Fuel from 

XTnderground Tanks. 


from place to place and the measuring pump insures that the liquid 
will be dispensed in proper quantities and without waste. 

The principle of action of tlie hydraulic fuel* supply system is 
shown at Fig. 47* A, The various parts comprising the assembly 
are clearly outlined. When it is desired to draw out gasoline it is 
merely giecessary to open th*e water control valve which permits 
water to flow into the tank to displace the fuel. At Fig. 47; B, the 
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isual form of automatic measuring pump is shown. This is pro- 
trided with a series of stops, so quantities varying from one pint to 
me gallon may be pumped by limiting the stroke of the pump. 
A twO'W'ay discharge is provided, one for filling cans, the other for 
attaching a supply hose to reach to the car tank. A meter is fitted 



Flf. 48.—Showing Forge Equipment Suitable for Automobile Repair 

Shops. 


that will indicate 'every gallon pumped. The pump plunger is 
‘ actuated by a spur rack which is operated by a pinion turned 
) by a liand crank. But little force is needed, to operate this pump 
i owing to the large leverage provided ty the hand crank ajid the 
[small pitch radius of the pinion. 






Repair Shop Forge Equipment IQT 

Complete Forge Equipment Desirable.—Quite a number of re-! 
pair jobs involve blaeksmithing or brazing processes and two dis¬ 
tinct forges should be. installed. The usual equipment is a steeli 
forge of medium size, with a power-driven rotary blower/ 
to be used for forging and welding. For brazing, melting bab¬ 
bitt metal, hardening and tempering, annealing, and heating sol-[ 
dering irons a gas forge should be used, this taking its air fromJ 



Fig. 49.—Complete BlsekamitUng Outfit of Value in Small Repair Shop 

Eciuipment. 


the tank of the air compressor outfit, and its gas from the city or, 
town mains. In the smaller towns and villages the portable gasoline 
brazing forge can be used to advantage, providing that coal or 
water gas is not available. In the accompanying illustration, Fig. 
48, a simple and practical forge outfit is shown, this including 
both gas and coal burning types. Between the coal and gas forge,. 
a stout bench is usually erected, this having a strong vise and a ^ 
large drawer. This bench can be used in both brazing and solder¬ 
ing processes, and the draVer can he divided into two compartments, 
one toehold the black&niith tools, the other the soldering irons and 
sheet metal tools. The vise is handy to the workman at either forge. 
The-remaining equipment is simple, a medium sized anvil, heavy 
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aud medium sledge hammers, three or four forge hammers, tongs 
for holding round, flat and irregular work, cutting oif tools or 
'‘hardies’* for both cold and hot cutting and the flatting and 
stvagipg tools with handles of conventional patterns. 

The gas forge shown is made of standard pipe and fittings, 
the table is a framework of iron pipe, across the top of which 
a piece of sheet steel serves to support ordinary firebrick against 
which the flame may be directed. A small hand torch is provided, 
this for use on the smaller brazing or soldering jobs. The melting 
ladles can be placed over either coal or gas flame, and cither forge 
will melt the anti-friction metals used in lining bearing boxes. 

The parts of a blacksmith’s eqiiipnjent for repair work that 
may be purchased as a complete outfit for around $50.00 are shown 
at Fig, 49. While two or tliree of the tools are intended for use in 
hors^hoeing they can be employed to equally good advantage in 
the automobile repair shop. These consist of the farrier’s ham¬ 
mer, knife and pincers. The remaining’ tools will be found suit¬ 
able for use in general metal work. A post drill is pro\dded 
w’hich is a very practical tool for shops not provided witli power. 
An outfit of drills in standard sizes is usually supplied with this 
tool. The forge is light and compact and a hand-operated blower 
is utilized to furnish the blast. A post vise, medium size, anvil, 
hand sledge and various small tools complete this set. In a shop 
already furnished with various machine tools the only parts of the 
outfit needed would be the forge, anvil and post vise. Tongs can 
be made as needed to best suit the requirements of the work at 
hand. 

In large repair shops, where considerable tool dressing is done 
and where it is necessary to heat-treat various parts, the electric 
furnace shown at Fig. 50 will prove a good inv^ment. The 
amount of heat may be regulated vdthin close limits and suffi¬ 
ciently high temperatures may be obtained for hardening, car¬ 
burizing or annealing any pieces within the range of the furnace. 
WJiile it is not expected tliat a furnace of this type will be used 
in the small or medium size shops, there is sufficient work in the 
la^e establishments or service stations to warrant the installation 
0 ^ furnace .of this nature, if electric current is available, or an* 
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equivalent gas, or oil-burning type where it is not convenient to 
use the electrically heated form. The almost universal use of high 
grade alloy steel in the construction of automobiles makes it neces¬ 



sary for the repairman to have some knowledge of heat treatmentj* 
of the various special steels. They cannot be machined unless an 



nealed and are of but little more value than ordinary hiachiner; 
steel parts if they are not properly heat-treated to bring out th' 
physical characteristics,desired after fabrication^ A review of th 
various heat-treating processes, especially those needed for th 
different alloy steels used in automobile construction, will be foun 
in the chapter dealing with miscellaneous processes. 



CHAPTER IT. 


SMALL TOOL EQUIPMENT TOR REPAIR SHOPS 

Tools for Adjusting and Erecting—Drilling Machines—^Machine A‘‘c<‘S8driC8 
—Measuring Tools—Lathe Accessories and Latho Tools—^^kliscellaneous 
Tools—Special Tools to Facilitate Repair Work—Wheel and Gear Pullers 
—List of Tools and Supplies for Typical Shop. 


There are so many small items of equipment entering into 
the outfit necessary to carry on repair work economically and effi¬ 
ciently, and 80 many supplies are needed that it is difficult to dis¬ 
tinguish between the tools used only on the car and others which 
serve a general purpose about tlie garage or repair shop. In the 
previous chapter the various forms of machine tools that have a 
place in the machine room equipment have been descril>eli, so in 
this chapter endeavor w'ill be made to confine tlic discu-ssion to 
the smaller tools used in assembling and dismantling automobiles 
as well as in making the necessary adjustments to the varioiu ma¬ 
chine parts. 

Machine tools in themselves are of little value without an Ade¬ 
quate supply of smaller tools to be used in connection with them. 
For example, a lathe could not be employed to advantage without 
a complete set of accessories and cutting tools, while a drilling ma¬ 
chine would be valueless if not supplied with proper chucks and 
drills for making the holes. We, will first consider the small tool 
equipment, such as would be nsed by automobilists oi* repairmen in 
making the everyday adjustments on the car, then the tools that 
are of special value 'to the machinist and lastly those special ap¬ 
pliances which facilitate repair work and which usually can be 
made cheaper than they can be purchased. 

Tools for Adjusting and Erecting.—A very complete outfit of 
small tools, some of which are furnished aa part of the tool eqtup- 
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Small Tool Equipment 

inent of various cars are shown in group at Fig. 51, This group 
includes all of the tools necessary to complete a very practical 
kit and it is not unusual for the door man who is continually dis¬ 
mantling and erecting cars to possess even a larger assortment than 
indicated. The small bench vise provided is a useful auxiliary that 
can be clamped to the running board of the car and should have 
jaws at least three inches wide and capable of opening four or 
five inches. It is especially useful in that it will save trips to the 
bench vises and can also be carried as part of the tool equipment 
by the motorist to advantage, as it has ailcquate capacity to Imndle 
practically any of the small parts that need to be worked on when 
making I'cpairs. A blow torch, tinner’s snips and soldering copper 
arc very useful in slioet metal work and in making any repairs 
re(niiriiig the use of solder. The torcii caii be used in any operation 
requiring a source of heat. The large box wrench shown under the 
vise is us(‘d for removing the wheel hub cap and sometimes has one 
end of the proper size to fit the valve chamber cap. The piston ring 
removers are easily made from thin strips of sheet metal secutely 
brazed or soldered to a light wire handle. These are .used in sets 
of three for removing and applying j>iston rings in a manner to 
be indicated in the Jiext chapter. The uses of the wrenches, screw 
drivers, and pliers shown are known to all and the variety outlined 
should be sufficient for all ordinary work of restoration. The wrench 
equipment is very complete including a set of open end S-wrenehes 
to fit all standard bolts, a spanner wrench, socket or box wrenches 
for bolts that are inaccessible with the ordinary type, adjustable 
end wrenches, a thin monkey wrench of medii*m size, a bicycle 
wrench for handling small nuts and bolts, a Stillson wrench, for 
pipe and a large adjustable monkey wrrench for the stubborn fasten¬ 
ings of large size. 

Three different types of pliers are shown, one being a parallel 
jaw type with size cutting attachment, while the other illustrated 
near it is a combination parallel jaw type adapted for use on round 
work as well as in handling flat stock. The most popular form 
of pliers is the combination pattern shown beneath the. socket 
wrench set. This is made of substantial drop forgings having a 
binged joint that can be set so that a very wide opening at the 
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jaws is possible. These can be used on round work and for wire 
cutting as well as for handling flat woiic. 

A very complete set of files, including square, half round, 



<^lg. 52.-*>FotinB of Hammers Snltehle for the AntomoUle Bepalrman’s 

Tool Kit. 

t • • ‘ 

‘ ' y 

^|11, fiaj; bastard, three-cornered and rat tail are also necessary. 
* hacksaw, frame and a number of saws, some with fine teeth for 
bing and others with coarser teeth for bar or solid stock will 
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be found almost iudispensnble. A complete punch and ejiisel set 
should be provided, samples of which aro showm in the group 
while the complete outfit is outlined in another illustration. A 
number of different forms and sizes of chisels are necessary, as one 
type is not suitable for all classes of work. The adjustable end 
wrenches can be used in many places where a monkey wrench 
cannot be fitted and where it will be difficult to use a wrench 
having a fixed opening. The Stillson pipe wrench is useful in 
turning studs, round rod.s, and pipes that cannot be turned by 
any other nieaus. A complete shop kit must necessarily include 
various, sizes of Stillson and monkey wrenches, as no one size can 
be expected to handle the wide range of work the repairman must 
cope with. Three sizes of each form of wrench can he used, one, a 
6 inch, is as small as is needed while a 12 inch tool will handle 
almost any piece of pipe or nut used in a motor car. For large 
work a 16 inch or 18 inch Stillson w'ill be found of value. 

Tw'O or three sizes of hammers should be provided, according 
to individual requirement, these being small riveting, medium and 
heavyweight machinist's hammers. A very practical tool of this na¬ 
ture for the repair shop is shown at Fig. 52, A, as it can be used 
as a hammer, screw driver or tire iron. It is known as the 
^‘Spartan’* hammer and is a tool steel drop forging in one piece 
having the wrorking surfaces properly hardened and tempered w'hile 
the metal is distributed so as to give a good balance to the head 
and a comfortable grip to the handle. The hammer head i)rovides a 
l^positive and comfortable T-handle when the tool is used as a screw 
driver or tire iron. Machinist's hammers are provided with three 
types of heads, these being of various weights. That at B, is tlie 
form most commonly used and is termed the ‘‘ball pein*' on ac¬ 
count of the shape of the portion used for riveting. The straight 
pcin shown at C, is just the same as the cross pein shown at D, 
except that in the latter the straight portion is at right angles to 
the hammer handle, while in the former it -is* parallel to that 
member. , ^ 

A self-adjusting monkey wrench which is known as the “speed 
nut'-' ifr shown at Fig. 52, E. The act of pulling on the handle 
tightens the wrench on the nut by means of a rack which is formed 
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integral witli the movable jaw and a portion of a pinion meshing 
with it at the end of the handle. Pulling on the handle tightens 
the wrench on the nut and the liarder one pulls, the more securely 
the nut is gripped. As moving the handle in the 0 ]>p 08 itc direction 
spreads the jaws apart, a sort of a ratchet action is possible if the 



rig. 63.—^Wrenclies are Offered in Many Forme. 

handle is alternately pulled and pushed, rendering it unnecessary 
to take the wrench off and secure a new hold on the nut or bolt 
head for each turn. Tlic wrench is composed of only three i>iccoa 
and the smallest size will fit nuts varying from %-inch. 

Jn order to unscrew a nut it is necessary to turn the wrench over 
so the handle will be pulled in the opposite direction to that used 
in screwing the nut down. This insures a secure grip in either 
case and permits of a ratchet motion without setting any trip or 
pawl. The.hacksaw frame shown at Fig. 51, is a solid type adapted 
only to take one length of blade. As hacksaw blades are made in 
varying lengths it may be possible that a longer one than that frame 
was made for would be the only thing available. In such a case 
the adjustable hacksaw frame shown at Fig. 52, F, Avould permit 
of using a longer saw blade by merely extending the frame as 
far as is necessary. 
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Wrenches have been made in infinite variety and there are a 
.score or more patterns of ciitfereut typea of adjustable socket and 
off-set wrenches. The various MTeuch types that differ from the 
more conventional monkey wrenclies or those of the Stillsoii pattern 
are sliown at Fig. 53. The “perfect handle” is a drop forged 
open end form provided with a wooden handle similar to that used 
on a monkey wrench in order to provide a better grij) for tlie 
hand. The “Saxon” ^mmeh is a double alligator form.'so called 
because the jaws are in tl»e form of a V-groove having one size 
('f tlie V plain, wliile the other is serrati'd in order to secure a tight 
grip on round objects. In the form shown, two jaws of varying 
sizes are ])i’ovided, oue for large work, the other to handle tlie 
smaller rtids. One of the novel features in connection with this 
wrench is the provision of a tri{)le die block in the centre of the 
handle which is provided witli three most commonly used of the 
.standard threads including 5/l6-inch-18, %-inch-lfi, and i^-inch- 
13. This is useful in cleaning up burred threads on b(»lts before. 
th(;y are replaced, as burring is unavoidable if it has been neces¬ 
sary to drive them out with a hammer. The “Lakeside” wrench_ 
has an adjustable pawl engaging with one of a series of notches 
by which the opening may ])e liold in any desired position. 

Kver since the socket wrench was invented it has been a popu¬ 
lar foj*ra because it can be used in many places where the ordinary 
open end or monkey wrench cannot be applied owing to lack of 
room for tlic bead of the wrench, A t 5 T)ieal set which lias been 
made to fit in a very small space is shora at I;, It consists of a 
handle, which is nickel plated and highly polished, a long extension 
bar, a universal joint and a number of case hardened cold drawn 
steel sockets to fit all commonly used standard nuts and bolt heads. 
Two screw driver bits, one small and the other largo to fit the 
handle and a long socket to fit spark plugs arc also included ir 
this outfit. The universal joint permits one to remove nuts in c 
position that would be inaccessible to any other form of wrench 
as it enables the socket *10 be turned even if the handle is at om 
aide of an intervening obstruction. 

The “Pick-up” wrench shown at B, is used for spark plug.* 
and the upper end of the socket is provided with a scries of groove: 
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into which a suitabJe blade carried by the handle can be dropped. 
The handle is pivoted to the top of the socket in such a way that 
the blades may be picked up out of the grooves by lifting on the 
end of the handle and dropped in again when the handle is swung 
around to the proper point to get another hold on the socket. The 
“Miller” WTench shown at P, is a combination socket and open 
end type, made especially for use with spark plugs. Both the 
open end and the socket are the same size and either may be 
used as is the most convenient. The “Handy” set shown at 6, con¬ 
sists of a number of thin stamped wrenches of steel lield together 
in a group by a simple clamp fitting, which enables either end of 
any one of the four double wrenches to be brought into play ac¬ 
cording to the size of the nut to be turned. The “Cronk” wrench 
shown at H, is a simple stamping having an alligator opening at 
one end and a stepped opening capable of handling four different 
sizes of standard nuts or bolt heads at the other. Such wrenches 
are very cheap and are worth many times their small cost, especially 
for fitting nuts where there is not sufficient room to admit the 
more conventional pattern. The “Starrett” wrench set, which is 
shown at I, consists of a ratchet handle together with an extension 
bar and universal joint, a spark plug socket, a drilling attachment 
which takes standard square shank drills from 3/^-inch to ^-inch 
in diameter, a double ended screw driver bit and several adjust¬ 
ments to go with the drilling attachment. Twenty-eight assorted, 
cold drawn steel sockets similar in design to those s}lo^vn at D, to 
fit all standard sizes of square and hexagonal headed nuts are also 
included. The reversible ratchet handle, which may be slipped 
over the extension bar or the universal joint and which is also 
adapted to take the squared end of any one of the sockets is ex¬ 
ceptionally .useful in permitting, as it does, the instant release of 
pressure when it is desired to swing the handle back to get another 
hold on the nut. The socket wrench sets are usually supplied in 
liard wood cases or iii leather bags so tbat they may be kept together 
and protected. against loss or damage. •With a properly selected 
socket wrench set, either of the ratdiet handle or T-hahdle form, 
any nut on the car may be reached and end wrenches wiirnot be 
necessary. 



117i 


Use arid Care of Files 

Mention has been previously made of the importance of prond , 
ing a complete set of ^les and suitable handles. These should b(| 
in various grades or degrees of fineness and three of each kinc' 
should be provided. In the fiat and half round files three grade 




Fig. 54.—^XUiistrsting Use and Oaie of Files. 
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arc necessary, one with coarse teeth for roughing, and others with 
medium and fine teeth for the finishing cuts. The round or rat 
tail file is necessary in filing out small boles, the half round for 
finishing the interior of large ones. Half round files are also 
well adapted for finishing surfaces of peculiar contour, such as the 
inside of hearing boxes, connecting rod and main hearing caps, etc. 
S<iuare files are useful in finishing keyways or cleaning out burred 
splines, while the triangular section or three-cornered file is of 
value in cleaning out burred threads and sharp corners. Flat files 
are used on all plane surfaces. 

The file brush shown at 51, A, consists of a large number of wire 
bristles attached to a substantial wood back having a handle of 
convenient form so that the bristles may be drawn through the 
; interstices between the teeth of tlie file to remove dirt and grease. 
: IP the teeth are filled with pieces of soft inelal, such as solder or 
/babbitt, it may be necessary to remove this aeeumiilation with a 
i piece of sheet metal as indicated at Fig. 54, B. The method of 
. Jiolding a file for working on plain surfaces when it is fitted with 
V4ho regular form of wooden handle is siiown at 0, while two types 
iof handles enabling the mechanic to use the flat file on plain sur- 
Ifaces of such size that the handle type indicated at C, could not 
be used on account of interfering with the surface finished are 
ihonii at D. The method of using a file when surfaces arc finished 
')y draw filing is showm at E. This differs from the usual method 
)f filing and is only used when surfaces are to be polished and very 
ittle metal removed. 

One of the most widely used of the locking means to prevent 
luts or bolts from becoming loose is the simple split pin, sometimes 

i ailed a “cotter pin.’' These can be handled very easily if the spe- 
ial pliers shown at Fig. 55, A, are iised. These have a curved jaw 
'ihat permits of grasping the pin firmly and inserting it in the hole 
•Seady to receive it. It is not easy to insert tliese split pins by other 
ij^aoans because the e’nds arc usually spread out and it is hard to 
ijjnter the pin in the hole. "With the cotter 'pin pliers the ends may 
\‘\e brought close together and as the plicr jaws are small the pin 
^.lay be easily pushed in place. Another use of this plier, also 
^.iidieated, is to bend over the ends of the split pin in order to 
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l>revont it from fallin(f out. To remove these pins a simple curved 
lever, as shown at Fig. 5i3, B, is used. This has one end tapering 
to a point and is intended to be inserted in the eye of the cotter 
f)in, the purchase offered by the handle permitting of ready re- 



Flg. 56.—Outliaing Use of Cotter Pin Pliers, Spring Winder and Showing 

Practical Outfit of Chisels. 


moVal of the pin after the ends have been closed by tlie cotter pin 
pliers. 

A complete chisel set suitable for repair shop use is also sliown 
at Fig. 55. The type a* 0, is known ns a “cape'* chisel and ha? 
a narrow cutting point and is intended to chip keyways, rcmov( 
metal out of ooi-ncrs and for ah other work where the broad c\it 
ting edge clnsel, sliown at I), cannot be used. The form with tlu 
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wide cutting edge is used in chipping, catting sheet metal, etc. 
At £, a round nose citisel us(^d in making oil ways is outlined, while 
a similar tool liaving a pointed cutting edge and often used for the 
same purpose is shown at F. The centre punch depicted at Q, is 
very useful for marking parts either for identification or for drill¬ 
ing. In addition to the chisels shown, a number of solid punches 
or drifts resembling very much that shown at E,’ except that tlic 
point is blunt should be provided to drive out taper pins, bolts, 
rivets, and other fastenings of this nature. These should be pro- 



Fig. 56.*~Special FUen for Use In Bepairing Wesd Tire Ohalnfl. 


vided in the common sizes. A complete set of real value would start 
at %-inch and increase by increments of 1/32-incb up to l^-inch. 
A simple spring winder is shown at Fig. 55, H, this making it 
possible for the repairman to wind coil springs, either on the lathe 
or in the vise. It will handle a number of different sizes of wire and 
can be set to space the coils as desired. 

Anti-skid chains form an important item in the equipment of 
the car.^d as they are subject to wear it is desirable to replace the 
W'oni cros&ehains with new ones from time to time, as some of these 
wear out quicker than others* A special pair of pliers having 
overlapjnng ends as shown at Fig. 56, is intended to assist in re- 
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moviug and applying the cross chains. In order to remove the 
chains tiie booked link at each end is spread apart by the wedging 
action of the plicr jaws which make it possible to remove the cross 
chains from the side links. AVlieu a cross chain is to be applied 
the hooked link is placed near the fulcrum or hinge pin and the 
hooks may be bent down over the side chain by compressing tlic plier 
jaws. 

If the automobile repairman was to provide himself with every 
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Tig, 67.—At Left, Useful Combination FUers Ha^g a Berios of Inter* 
ebaageaUe Heads; at Blgbt^ Beottonal View Outlining OonstruetKm 
of OasoUne Blow Torch. 


variety of tool that could be used to advantage, tlie investment in 
pliers alone would be large. This has resulted in the development 
of an interchangeable tool consisting of one standard pair of 
handles that will take a large variety of pliers, pincers and shears 
in the form of readily detachable heads which will fit the same 
handle. The change is readily made and a number of useful tooh 
obtained without requiring a large investment. Sampler of som 
of the most popular lieads are shown at Fig, 56, below the handle 
That at A, is a leather or paper punch and may be obtained alsc 
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for punching metal, B, is a pincer head adapted for heavy work. 
The head at C, is an alligator form which can be adapted to a wide 
range of sizes. At D, a eomhinntion i)lier head is outlined, this 
consisting of fiat nose, cutting and gas pipe pliers. At F, is shown a 
pair of tinner’s snip blades io fit tlio handle. The head L, is used 
for working on AVeed lire chains. 

The tool is easily taken aimrt, the oi)eration consisting of re¬ 
moving the wing nut C, from the centi'c bolt, lifting off the top part 
of the handle and llufu setting any desired head in the recess o£ 
eaeli handle so the sliank of Ihe hea<l is flush with the face of the 
handle. Tlie square slumk B, oti the bolt is entered hito^tlie square 
hole A, in the top imndle. After the two parts are together the 
wing nut is screwed down as tightly as possible. The bolt 
which holds the bandies together, turns in the low'cr half, hut 
ifiannot fall out. Tlic object of tJiis is to permit the lower lialf of 
the handle to turn on the ImjU because on account of the square 
shank on the bolt and tin- square liole in the u])per half of the 
handle, the bolt itself turns with tliis half, therc'hy preventing 
any possibility of the. wing nut heeomiiig loose in operation. This 
interchange.ah](? tool is supplied in u neat box, having a place for 
the handle and the various heads .supplied with it. 

Mention has been previously made of tlie utility of the gaw)- 
line blow torch. A typical torch is shown in section at Fig. 57, B, 
in order that the internal construction may ho readily understood. 
It consists of a main conlainer of lieavy slieet metal to which an 
air i>ump is i^tached at one side to act as a handle. The low'cr 
portion of tins ymnip communicates w’ith the interior of the tank 
by means af a bent j)ipc which deflects the air to the top of the 
fuel receptacle. The upper portion of the lank is supplied with a 
burlier having a pipe leading to the bottom. A filling plug is in¬ 
serted at tin* bottom of a conical depression which acts as a 
funnel when the torch is inverted for filling. The function of tho 
air pump i.3 to force air into the tank and displace the liquid fuel, 
forcing it to tlie buruc'r w'here it is vayAirized. The burner is of 
the Bunsen pattern and gives a blue flame. The intensity of 
the flame is regulated by a netullo valve. In order to start the 
I torch it is necessary to fill the pilot cup under burner with gaso- 
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liuc and to ignite same, letting it burn until the torch burner 
body is sufficiently heated to vaporize the li((uid fuel. Three 
forms of these blow pipes are shown at Fig. 58. That at A, has 
a pump set into the tank and a more powerful burner that will 
give a very hot flame for brazing. The torch at B, has a fiat fuel 
tank instead of the usual cylindrical form and has the filler opening 
at the top instead of at the bottom. The flat torcli is easier to carry 
than the round ones because it occupies less space. A very, small 










Fig. Sa.^Pnctical Gasoline Blow Torches for Automobile Repair Work. 


torch which needs no air pressure is shown at C. Sufficient heat 
to vaporize the fuel and to start the torch may be obtained by 
holding a match at the curved portion of the burner. *This form 
does not produce the intense heat that the torches having internal 
air pressure do, hut the flame is of sufficient intensity to heat a 
soldering iron, or perform any of the work incidental to soldering. 

Drilling Machines.—^Drilling machines maybe of two kinds, 
hand or power operated. ^ For drilling small holes in metal it ia 
necessary to run the drill fast, therefore the drill chuck is usually 
driven by gearing in order to produce high drill speed without 
turning the handle too fast. A small hand drill is shown at Fi^ 
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I 59, A. A& will be observed, tlie chuck spindle is driven by a small 

\ bevel pinion, 'which iu turn, is operated by a large bevel gear turned 

by a crank. The gear ratio is such that one turn of the handle 
will turn the chuck five or six revolutions. A drill of this design 
is not suited for drills any larger than one-quarter inch. For use 
, with drill", ranging from one-eighth to three-eighths, or even half- 
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luoli the hand driJl presses shown at C and D are used. These Jiave 
a pad at the upper eud hy ^hich prewurc may bo exerted with the 
chest iu order to feed tlie drill into the work» and for this reason 
they are termed “breast drills.’' The form at C, has compound 
gearing, the drill chuck being driycu by the usual form of bevel 
pinion in mesh with a larger bevel gear at one end of a countershaft. 
A small helical spur pinion at the other end of this countershaft 
receives its motion from a larger gear turned by tlie hand crank. 
This arrangement of gt*aring permits of high spindle speed with¬ 
out the use of large gears, as would be necessary if but two were 
used. The form at D, gives two speeds, one for use with small 
drills is obtained by engaging the lower bevel pinion wnth the 
chuck spindle and d riving it by the large ring gear. The slow speed 
is obtained by shifting the clutch so that the top bevel pinion drives 
the drill chuck. As this meshes with a gear but slightly larger in 
diameter, a slow speed of the drill chuck is possible. Breast drills 
are provided with a handle screwed into the side of the frame, 
these are used to steady the drill press. ‘ For drilling extremely 
large holes which are beyond the capacity of the usual form of drill 
press the ratchet form shown at B, may be used or the bit brace 
outlinod at E. The drills used with either of these have square 
shanks, whereas those used in tiie drill presses have round 
shanks. The bit brace is also used widely in wood work and the 
form shown is provided with a ratchet by which the bit chuck may 
be turned through only a portion of a revolution in either direction 
if desired. 

One of the most difficult things to do in connection with in¬ 
stalling accessories such as tire irons, license hangei's, special 
lamp brackets, trunk racks, etc., is drilling holes in th# pressed 
steel frame of tlie chassis, as the social alloy steel used for this 
purpose at the present time requires considerable exertion if one 
attempts to bore the hole with an ordinary breast drill. Electrically 
operated drills have a great advantage when used in making small 
holes but when they have sufficient capacity to take drills over 
inch in diameter they are Imlky to handle. These are of obvious 
utility when electrical current is available, but all shops are not 
60 provided and many workmen do not like to use them because 
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(»f danger of sliocfes through short circuiling, or the liability of 

getting out of order, or of injuring the operator, should the drill 
point catch and the drill body he knocked out of the workman’s 
hand. A handy tool that has m&ny applications is shown at Fig. 



ptg. 60.^^-8bowlikf Practical Application of Batchat and Band Pood 

Dimiag MacliliMMi. 
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■60, A. Thifl is mounted on a clamp bracket, has a screw feed, can 
tlrill holes at any , angle and offers a wide range of adjustment 
in all directions. These arc made in three sizes, one taking any 
(frill up to 5^-inchj a medium size that can be used up to 1 inch in 
diameter and a larger model that will bore holes as large as 
inches in diameter. Tlie medium size tool will be found sufficiently 
large to answer the requirements of any repair shop. The chucks 
provided w’ill take either square shank or standard taper sliank 
drills. It will be evident that tJiis fitting can he easily clamped to 
any part of tlie frame and tljat large holes may be drilled with ease 
on account of the leverage provid(»d. A somewhat similar fixture 
■in shown at Pig. 60, B, this being in use with the ratchet drill 
sliown at Pig. 50, D. The fixture, which is known as the “old 
man” in rej)air shop parlance consists of a vertical post attached 
to a slotted base that can -]je clamped in any desired position by 
Ijolts or straps. The ratchet drill has a hand-operated screw feed 
and the arm against wliich the pressure of tlio drill is exerted may 
1)0 raJ.scd, lowered or swung a];oiin(l to any desired position. A 
fitting of this nature may be used in connection w’ilh a wide variety 
of ratchet heads. The advantage of tho ratchet arrangement is that 
^it permits one to drill holes in places where it would not be possible 
to turn a hand drill as the lever can be oscillated through a small 
are of a circle instead of a complete revolution. The special form 
of drill press shown at Pig. 60, C, can be changed over by a 
single trip from a drilling machine that will give a continual rotary 
t motion to tho chucks to a form that w'ill give only an oscil¬ 
lating motion which is desirable in valve grinding. Auotber form 
of electrically operated sensitive drill press for the repairshop 
work-bench is shown at Fig 60, D. This differs ^ construction 
^from that previously described in Chapter I, only in the method 
>of drive which is by belt instead of friction discs. 

Minor drilling operations with an ordinary hqnd drill are »ome- 
times made difficult by the inability of the operator, to hold the 
drill perfectly straight. The usual custom is to allow the head 
of the drilling tool to rest against the chest so that one hand may 
be used to get the brace straight and the other to turp the handle. 
This method requires much exertion, especially when a fixed piece 
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of metal is to be drilled and there is always a possibility of th^ 
hole being too large or drills breaking, due to swaying of the drill 
press. A very simple piece of apparatus described by Motor Ago 
is shown at Fig. 61. This easily made jig enables the operator 
to keep the drill perfectly straight because one hand can be usc(^' 
to steady the drill. The jig is made of wood and of any con¬ 
venient size to accommodate the particular drill press used. It 



Fig. 61.—^Bow to Um Hand Drills In Simple Homemade Drill Press. 4-' 


consists of a block of wood forming a base with two uprights 
rigidly fastened to it by screws or bolts. These are drilled at their 
upper ends to take a piece of three-eighths inch steel rod whictii 
forms the fulcrum for the fee^ lever which is held under tab 
arm, as the illustration clearly showsi A hole is drilled in the 
arm lever to take the head of the drill brace, as the detail shows, 
or if a breast drill i» used instead* of the hand drill, two pieces 
may be attached to keep the breast drill pad &om turning, one 
at each side of that member. A drill press of this nature can b|» 
easily made from the odds and ends found in any r^air shop 
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is especially recommended to tlie motorist who likes to make his 
own mechanical repairs. The work to be operated on can be held 
in place by driving nails at the side or a simple vise to clamp the 
work may be readily extemporized. 

Drills, Reamers, Taps and Dies.—In addition ^o the larger ma¬ 
chine tools and the simple hand tools previously described, an essen- 



Ftf. eS^FMxna of DtUls Used In Band and Fowor Drilling Machinoa 


tial item of equipment of any automobile repair shop, even in 
cases where the ordinary machine tools are not provided, is a com¬ 
plete outfit of drillB, reabiets, and threading tools. Drills are 
of two general classes, the flat and the twist drills.. The flat 
drill has an angle between cutting edges of about 110 degrees and 
is usually made from special steel commercially known as drill rod. 
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A flat drill cannot l)c fed into the work very fast because it 
moves metal by a scraping, rather than a cutting process. The 
twist drill in its simplest form is cylindrical throughout the en¬ 
tire length and has spiral flutes which arc ground off at the end 
to form llie cutting lip and which also serve to carry the metal 
chips out of tlic holes. The simplest form of twist drill used 
is showti at Fig. (>2, C, and is known as a “chnck*^ drill because 
^ must he placed in a suitable chuck to turn it. A twist drill 



Fig. 63.—tTsefUl Bet of Komber Drills, Showing Stand for Keeping These 

In an Orderly Manner. 

iremoves metal by cutting and it is not necessary to use a heavy 
feed as the drill will tend to feed itself into the work. 

Larger drills than ^-inch are usually made with a tapered 
shank us shown at Fig. 62, B. At the end of the taper a tongue is 
formed which engages w'itli a suitable opening in the collet, as the 
piece used to support the drill is called. The object of this tongue 
is to relieve the tapei'Gd portion of the drill from the stress of 
driving by frictional contact alone, as this would not turn the drill 
positively. and the resulting slippage Vould wear the socket, this 
depreeiation changing the taper and making it unfit for, other 
•dril^-The tongue is usually proportioned so it is adequate 
to i^SSv^'^the drill under any coudition. A small keyway is pror- 
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^‘vided in the collet into which u tapering key of flat slock may be 
driven against the end of the tongne to drive the drill from the 
spindle. * A standard taper for drill shanks generally accepted by 
tlie machine trade is known as the Morse and is a taper of five- 
eighths of an inch to'the foot. The Brown and Sharp form tapers 
six-tenths of an inch to^the foot. Care must be taken, therefore, 
when purchasing drills and collets, to make sure that the tapers 
coincide, as no attempt should be made to run a Morse ta])er in a 
Brown and Sharp collet, or vice versa. 

Sometimes cylindrical drills have straiglit flAles, as outlined 
at Pig. 62, A. Such drills are used with soft metals and arc of 
•value when the drill is to pass entirely through the work. The 
trouble with a drill with spiral flutes is that it will tend to draw 
itself through as the cutting lips break through. This catching 
of the <irill may break it or move the work from its position. 
With a straight flute drill the cutting action is practically tlie 
same as with the flat drill shown at Fig. 62, £ and F. 

If a drill is employed in boring holes through close-grained, 
tough metals, as wrought or malleable iron and steel, the opera¬ 
tion will be facilitated by lubricating the drill with plenty of lard 
^ oil or a solution of soda and water.. Either of these materials will 
effectually remove the heat caused by the friction of the metal 
removed against the lips of the drill, and the danger of heating 
the drill to a temperature that will soften it by drawing the 
temper is minimized. In drilling large or deep holes it is good 
practice to apply the lubricating medium directly at the drill 
point. Special drills of tlie form shown at Fig. 62, D, having a 
spiral oil tube running in a suitably formed channel, provides 
communication betw’een the point of the drill and a suitable re¬ 
ceiving hole on a drilled shank. The oil is supplied by a pump 
*' and its pressure not only promotes positive circulation and re¬ 
moval of heat, but also assists in keeping the hole free of chips. 
In drilling steel or wrought iron, lard oil applied to the point of 
the drill will facilitate the grilling, but this material should never 
be used with either brass or cast iron. Tables will be found in 
the last chapter giving drill speeds and feeds and other data 
relative to tlic use of this tool. 
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The sizes to be provided depend upon the nature of the worh 
and the amount of money that can be invested in drills. It is 
common practice to provide a set of drills, such as shown at Fig. 63, 
which are carried in a suitable metal stand, these being known as 
number drills on account of conforming to the wire gauge stand¬ 
ards. Number drills do not usually run higher than %e inch in 
diameter. Beyond this point drills are usually sold by the diameter. 
A set of chuck drills ranging from advancing by 

lU ii*ch, and a set of Morse taper shank drills ranging from ^ to 
154 inches, by increments of inch, will be all that is needed for 
the most pretentious repair shop, as it is cheaper to bore holes 
larger than inches with a boring tool than it is to carry a num¬ 
ber of large drills in stock that would be used very seldom, perhaps 
not enough to justify their cost. 

In grinding drills, care must he taken to have the lips of the 
same length, so that they will form the same angle with the axis. 
If one lip is longer than the other, as shown in the flat drill at 
Fig. 62, K, the hole will be larger than the drill size, and all the 
work of cutting will come upon the longest lip. The drill ends 
should be symmetrical, as shown at Fig. 62, F. 

It is considered very difficult to drill a hole to an exact diam¬ 
eter, but for most work a variation of a few tliousandths of an inch 
is of *1*3 great moment. Where accuracy is necessary, boles must 
be reamed out to th'e required size. In reaming, a hole is drilled 
about inch smaller than is required, and is enlarged with a cut¬ 
ting tool known as the reamer. Reamers are usually of the fluted 
form shown at Fig. 64, A. Tools of this nature are not designed 
to remove considerable amounts of metal, but are intended to 
augment the diameter of the drill hole by only a small fraction 
of an inch. Reamers are tapered slightly at the point in order 
tha* they will enter tlie hole easily, but the greater portion of 
the fluted part is straight, all cutting edges being parallol. lland 
reamers are made in either the straight or taper forms, that at A, 
Fig. 64, being straight, while B has tapering flutes. They are 
intended to be turned by , a wrench similar to. that employed in 
turning a tap, as shown at Fig. 66, C. The reamer shown at 
Fig. 64, C, is a hand reamer of the taper form widely used by 
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^Wksmiths. The form at D^^bas spiral flutes, similar to a twist 
drill) and as it is provided with a taper shank it is intended to 
be turned'by power through the medium of a suitable collet. 

As the solid reamers must become reduced in size when sharp¬ 
ened, various forms of inserted blade reamers have been designed. 



^Flgj 94.—XUnstrstlng Standard Forma of Band and ACackine Beamert. 

One of these is shown at Fig. 64, and as the . cutting surfaces 
become reduced in diameter it is posmble to replace the worn blades 
with others of proper size. *Expanding reamers are of the form 
shown at Fig. 64, F. These have a bolt passing through that flts 
j^nto a tapering htfle in the interior of the split reamer portion of 
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the tool. If the hole is to he enlarged a few thousandths of an inch^ 
it is possible to draw iip on the nut just above the squared end 
of the shank, and by drawing the tapering wedge farther into the 
reamer body, the cutting portion will be expanded and will cut 
a larger hole. 

Reamers must be very carefully sharpened or there will be & 



Fig. 65.—Tools for Cutting. 


tendency toward chattering wilh a consequent production of a 
rough surface. There are several methods of preventing this chat¬ 
tering, one being to separate the cutting edges by irregular spaces, 
while the most common method, and that to be preferred on ma¬ 
chine reamers, Ls to use spiral flutes,® as shown at Fig. 64, D. 
Special taper reamers are made to conform to the various taper 
pin sizes which are widely used in holding part# together in an 












Thread Cutting Tools ISJ 

cntomnbik*. A taper of inch, per foot is intended for holes 
where a pin, once driven in, is to remain in place. When it is 
desired that the pin be driven out, the taper is made steeper, 
generally 34 i“ob per foot, which is the standard taper used on 
taper pins. 

When threads are to be cut in a small hole, it will be apparent 
that it will be difficult to perform this operation economically on 
a lathe, therefore when internal tlireading is called for, a simple 
device known as a “tap” is used. There are many styles of taps, 
all conforming to different standards. Some are for metric or 
foreign threads, some conform to the American standards, while 
others are used for pipe and tubing. Uaiid taps are the form most 
used in repair shops, these being outlined at Fig, 65, A and B. 
They are usually sold in sets of three, known respectively as taper, 
plug, and bottoming. The taper tap is the one first put into the 
hole, and is then followed by the plug tap which cuts the threads 
deeper. Jf it is imperative that the thread should be full size 
clear to the bottom of tlie hole, the third tap of the set, which is 
straight-sided, is used. It would be difficult to start a bottoming 
tap into a hole because it would be larger in diameter at its point 
than tbe hole. The taper tap, as shown dt A, Fig. 65, has a 
portion of the cutting lands ground away at the point in order 
that it will enter the hole. The manipulation of a tap is not hard, 
as it does not. need to be forced into the work, as the thread will 
draw it into the hole as the tap is turned. The tapering of a 
tap is done so. that no one thread is called upon to remove all of 
the metal, as for about half way up the length >«f the tap each 
succeeding thread is cut a little larger by the cutting edge until 
the full thread enters the hole. Care must be taken to always 
ente; a tap straight in order to have the thread at correct angles 
to the surface. 

In cutting external threads on small rods or on small pieces, 
such as bolts and studs, it is not always economical to do this work 
in the lathe, especially in repair work. Dies are used to cut 
threads on pieces that are to be placed in tapped holes that have 
been threaded by the corresponding size of tap. Dies for small 
work are often ^ade solid, as shown at Fig. 66, C, but solid dies 
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ai« usually limited to sizes below iuch. Sometimes the solid die 
is cyliudrical in shape, with a slot through one side which enables 
one to obtain a slight degree of adjustment by squeezing the slotted 
portion together. Large dies, or the sizes over inch, are usually 



Fig. $6.—lowing Holder Deslgna for One and Two Piece Thread Gutting 

Hies. 

made in two pieces in order that the halves may be closed up 
or brought nearer together. The advantage of this form of die 
is that either of the two pieces may be easily sharpened, and as 
it may be adjusted very easily the thread may be cut by easy 
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^stages. For example, the die may be adjusted to cut large, which 
will produce a shallow thread that will act as an accurate guide 
when tile die is closed up and a deeper thread cut. 

A common form of die holder for an adjustable die is shown 
at F'ig. 66, i.. As \\iil be apparent, it consists of a central body 
portion having guide members to keep the die pieces from falling 
out and levers at each end in order to permit the operator to 
exert suificiont force to remove the metal. The method .of ad¬ 
justing Ihe depth of thread with a clamp screw when a two-piece 
die is employed is also clearly outlined. The die.stock shown at B 



Fig. 67.—Useful Outfit of Taps and Dies for tlie Automobile Repair Shop. 


is used for the smaller dies of the one-piece patten:, having a slot 
Jin order that they may be closed up slightly by the clamp screw. 
The reverse side of the diestock shown at B is outlined below it, 
and the guide pieces, which may be easily moved in or out, ac¬ 
cording to the size of the piece to be threaded by means of ec- 
^pentrically disposed semi-circular slots in the adjustment plate, are 
’ shown. These movable guide members have small pins lot into 
their surface which engage the slots, and they may be moved in 
or out, as desired, according to the position of the adjusting plate. 
The use of the guide pieces makes for accurate positioning or cen¬ 
tering of the rod to he threaded. Dies arc usually sold in sets, 
and arc commonly furnished as a portion of a complete outfit 





























138 Autoinobile Bepairing Made Easy 

bugIl as outlined at Fig. 67. That shown has two sizes of die¬ 
stock, a tap wrench, eight assorted dies, eight assorted taps, and a 
small screw driver for adjusting the die. An automobile repair 
shop should be provided with three different sets of taps and dies, 
as tlirec different standards for the bolts and nuts are used in 
fastening automobile components. These are the American, metric 
(used on foreign cars), and the S. A. E. standard threads. A set 
of pipe dies and taps will also be found useful. 



Fig. 68.—Common Forms of Insido and Outside Oallpen. 


Measuring Tools.—Tlie tool outfit of the machinist or the. ipe- 
chanic who aspires to do machine work must include a number 
of measuring tools which are not needed by the floor riau dr 
one who merely assembles and takes apart the finished' pkees'. 
The machinist who must convert raw material into finish^ prod¬ 
ucts requires a. number of measuring^ tools, some of which are 
used for taking only approximate measurements, such as Calipers 
and scales, while others ore intended to take very accurate meas^ 
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urexnents, such as the Vernier and the micrometer. A number of 
common forms of calipers are shown at Fig. 68. These are known 
as inside or outside calipers, depending upon the ineasdrements 
they are intended to take. That at A is an inside caliper, consisting 
of two legs, A and D, and a gauging piece, B, which can be locked 



» 

Fig. 60.^Yl«w Showliig XTtiUty of Oombinstloa lasldo uA Oatolda 

Friction Joint OtUpon. 


to leg. A, or released from that member by the screw, C. The 
object of this construction's to permit of measurements being token 
at the bottom of a two diameter hole, where the point to be 
measured is of larger diameter than the portion of the bole through 
which the calipers entered. It will be apparent that the legs. 
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A nnd D must bo brought close together to pass through the 
smaller holes. This may be done without losing the setting, as the 
guide bar B will remain in one position as determined by the 
size of the hole to be measured, while tlie leg A may be swung 
in to clear the obstruction as the calipers are lifted out. When 
it is desired to ascertain the measurenjents tlie leg A is pushed 
back into place into the slotted portion of tlio guide B, and locked 
by tlie clamp screw C. A tool of this form is known as an in¬ 
ternal transfer caliper. 

The foini of caliper shown at B is an outside caliper. Those at 
C and 1) are special forms for inside nnd outside work, the form(jr 
being used, if desired, as a divider, M’hile the latter may be em-* 
ployed for measuring the walls of tubing. The calipers at E arc 
simple forms, having a friction joint to tiistinguisli them from 
tl\c spring calipers shown at B, C and D. In order to permit of 
ready adjustment of a spring caliper, a split nut as shown at G 
is sometimes u-sed. A solid nut calipiT can only be adjusted by 
screwing the Tint in or out on the screw, which may be a tedious 
process if the caliper is to be set from one extreme to the other 
several times in succession. With a slip nut ns sliown at G it is 
possible to slip it from one end of tlic thread to the oUier williout^ 
turning it, and of locking it in place at any desired point by simply* 
allowing the caliper leg to come in contact with it. The method of 
adjusting a spring caliper is shown at Pig. 68, II. Tlie caliper 
shown at Fig. 69, A, is known as a “hermaphrodite,” and is so 
called because it can be used for measuring both diameters of ^ 
pieces or bores of holes. It is provided with a removable and 
adjustable point, two being provided with eacli device. One of 
these is curved, the other is straight. The point is firmly held 
in position by a knurled'nut and washer and draw bolt, and is 
given additional support by the loop at the end of the caliper 1 
leg. The auxiliary caliper point furnished with these tools makes 
it possible to convert the tools readily into an. inside caliper. 
Two uses of this tool are shown at Fig. 69, B and C. These are 
self-explanatory. 

An important tool that should be included in the equipment 
of every shop where machine tools arc used is shown at Fig. 70, A. 
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Fig. 70.—niustrating Typical Surface Gauge asd Methods of Using. 
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This is used iu connection with the surface plate or the bed of 
a drill press or planer, and will serve many purposes. The tool 
shown is provided with three spindles ranging from nine to eigh* 
teen inches in length, and the construction admits of swinging the 
standard three-quarters of the distance around the base. The ad¬ 
justing mechanism is so arranged that it can be set at any desired 
position. The clamping devices arc rigid and firm and are not 
susceptible to slipping. .The application at B shows the Use in 
laying out lines on the' boss of a casting where the scriber point 
can be placed directly over the boss. The application at C shows 
the method of making these lines where the scriber point support 
must be offset and placed at some distance from the boss to be 
marked. At D the surface gauge is shown used in connection 
with a scale in order to make measurements and secure the align¬ 
ment^ of an angular I section casting. At E the method of scrib¬ 
ing a line around a piece of barstock or tube is shown. The re¬ 
maining illustrations show the uses of the surface gauge in laying 
out w-ork of various kinds. Many other combinations are i)ossible 
besides those shown, as a tool of this nature can be used as a bench 
gauge, scribing block or deplli gauge. 

Among the most common of the machinist’s tools are those 
used for linear measurements. The usual forms arc shown in 
group. Fig. 71. The most common tool, which is widely known, 
is the cai^penter’s folding two-foot rule or the yardstick, "While 
*hese are very convenient for taking measurements where great 
iccuracy is not required, the machinist must work much more ac¬ 
curately than the carpenter, and the standard steel scale which is 
shown at Fig. 71, D, is a popular tool for the machinist. The 
steel scale is in reality a graduated straight edge and forms an 
important part of various measuring tools. These are made of 
high grade steel and vary from 1 to 48 inches in length. They 
are carefully hardened in order to preserve the graduations, and 
all surfaces and edges are accurately ground to insure absolute 
parallelism. The graduations on the high grade scales are pro¬ 
duced w4th a i^ecial device known as a dividing engine, but on 
cheaper-Scales, etching suffices to provide a fairly accurate grad- 
\:ation. '. The steel scales may be very thin and flexible, or may 
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be about an eigblb of an inch thick on tlie twelve-inch size, which 
is that commonly used with combination squares, protractors and 
other tools of that nature. The repairman's scale should be grad- 
. uated both with the Englisli system, in which tlie inches are 
divided into eightlis, sixteenths, thirty-secondths and sixty-fourths, 

^ and also in the metric system, divided into millimeters and *centi- 
. meters. Some machinists use scales graduated in tenths, twentieths, 

, fiftieths and hundredths. This is not as good a system of gradua- 
: tion as the more conventional one first described. 

Some steel scales are provided with a slot or groove cut the 
entire length on one side and about the center of the scales. This 
permits the attachment of various fittings such as the protractor 
head, which enables tlie machinist to measure angles, shown at 
Fig. 70, B, or in addition the heads convert the scale into a square 
or a tool permitting the accurate bisecting of iiioces of circular 
section. Two .scales are sometimes joined together to form a riglit 
angle, such as shown at Pig. 70, C. Tliis is known as a s^iuare and 
is very valuable in ascertaining the truth of vertical pieces that 
! arc supposed to form a right angle with a base piece. The Ver¬ 
nier is a device for reading fiber divisions on a scale than those* 
into which the scale is divided. Sixty-fourths of an inch are about 
tlie finest division that can be read accurately w'ith the naked eye. 

' "When fine work is necessary a Vernier is employed. This consists 
essentially of two rules so graduated that the true scale has each 
inch divided into ten equal parts, the upper or Vernier portion 
has ten divisions occupying the same space as nine of the divisions 
of the true scale. It is evident, therefore, that one of the di¬ 
visions of the Vernier is equal to nine-tenths of one of those on 
the true scale. If the Vernier scale is moved to the right so that 
the graduations marked “1’^ shall coincide, it will have moved 
one-tenth of a division on the scale or one-hundredth of an inch. 
'Whf^n the graduations numbered 5 coincide the Vernier will have 
iqoved five-hundredths of an inch; w'hen the lines marked 0 and 
10 coincide, the Vernier will have moved nine-hundredths of an 
inch, and when 30 on the Vernier comes ^posite 10 on the scales, 
the upper rule will have moved ten-hundredths of an inch, or the 
whole pf one division on the scale. By this means the scale, 
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though it ujay be graduated only to tenths of an inch, may he 
accurately set at points with positions expressed in hundredths of 
an inch. 'When graduated to read in thousandtlis, the true scale 
is divided into fifty parts and the Vernier into twenty parts. Each 
division of the Vernier is therefore equal to nineteen-twentietha 
of one of the true scale. If tlie Vernier be moved so the lines of 



i Fig. 72.—Measuring Appliances of Value In Automobile Eepair Work. 


the first division coincide, it will have moved one-twentieth of one- 
fiftieth, or .001 inch. The Vernier principle (‘an be readily grasped 
by studying the section of the Vernier scale and true scale shown 
Sat Fig. 73, A. 

The caliper scale which is shown at Fig. 71, A, permits of 
taking the over-all dimension of any parts that will go between 
the jaws. This scale can be adjusted very accurately by means 
of fine thread screw attached to movable jaw and the divisions 
may be divided by eye into two parts if one sixty-fourth is the 
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■smallest of the divisions. A line is indicated on. the movable 
and coincides vrith tlie graduations on the scale. As will be appar¬ 
ent, if the line does not coincide exactly with one of the gradu¬ 
ations it will be at some point between the lines and the true 
measurement may be approximated without trouble. 

A group of various other measuring tools of value to the 
machinist is shown at Fig. 72. The small scale at A is termed 
a center gauge, because it can be used to test the truth of 
the taper of either a male or female lathe center. The two smallei 



Fig. 73.—At Zieft, Special Form of Vernier Caliper for Measuring Qear 
Teeth; at Bight, Micrometer for Accurate Xntamal Measurements. 


nicks or v’s indicate the shape of a standard thread, and may be 
used as a guide for grinding the point of a thread-cutting tod. 
T)ie cross level which is shown at B is of marked utility in erecting, 
as it will indicate absolutely if the piece it is used to test is level. 
It will indicate if tlie piece is level along its width as well as 
its length. 

A very simple attachment for use with a scale that enables the 
mwhinist to scribe lines along the length of a cylindrical piece is 
at Fig. 72, C. These are merely small wedge-diaped clamps 
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having an angular face to rest upon the oars. The thread pitch 
gauge which is shown at Fig. 72, D, is an excellent pocket tool 
fur the garage mechanic, as it is often necessary to determine 
without loss of time the pitch of the thread on a bolt or in a nut. 
This consists of a number of leaves having serrations on one edge 
corresponding to the standard thread it is to be used in measuring. 
The tool shown gives all pitches up to 48 threads per inch. The 
leaves may be folded in out of the way when not in use, and 
their shape admits of their being used in any position without 
the remainder of the set interfering with the one in use. The 
fine pitch gauges have slim, tapering leaves of the correct shape 
to be used in finding tlie pitch of small nuts. As the tool is 
round when the leaves are folded back out of the way, it is an 
excellent pocket tool, as there are no sharp corners to wear out 
the pocket. Practical application of a Vernier having measuring 
heads of special form for measuring gear teeth is shown at Fig. 
73, A. As the action of this tool has been previously explained, 
it will not be necessary to describe it further. 

Where great accuracy is necessary in taking measurements the 
micrometer caliper; which in the simple form will measure easily 
.001 inch (one-thousandth part of an inch) and when fitted w'ith 
a Vernier that will measure .0001 inch (one ten-thousandth part 
of an inch), is used. The micrometer may be of the caliper form 
for measuring outside diameters or it may be of the form shown 
at Fig. 73, B, for measuring internal diameters. The operation 
of both forms is identical except that the internal micrometer is 
placed inside of the bore to be measured while the external form 
is used just the same as a caliper. Tlie form outlined will meaS' 
ure from one and one-half to six and a half inches as extension 
points are. provided to increase the range of the instrument. The 
screw has a movement of one-half inch and a hardened anvil is 
placed in the end of the thimble in order to prevent undue wear 
at that point. The extension points or rods are accurately made 
in standard lengths and kre screwed into the body of the instru¬ 
ment instead of being pushed in, this insuring firmness and ac¬ 
curacy. Two forms of micrometers for external measurements arv. 
shown at Fig. 74. The top one is graduated to read in thousandiitf’ 
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rig. 74.—standard Forms of Micrometer Caliper for External Measure* 

ments. 


of an inch, while the lower one is graduated to indicate hundredths 
of a millimeter. The mechanical i)rin^iple involved in the con¬ 
struction of a micrometer is that of a screw free to move in a 
fixed nut. An opening to receive the work to bo measured is 
provided by the backward movement of the thimble which turns 
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the screw mid the size of the opening is indicated by the gradu« 
ations on the barrel. 

The article to be measured is placed between the anvil and 
spindle, tlie frame being held stationary while the thimble is 
revolved by the thumb and finger. The pitch of the screw thread 
on the concealed part of the spindle is 40 to an inch. One com¬ 
plete revolution of tlie spindle, tlicrefore, moves it longitudinally 
one-fortieth, or twenty-five thousamltliH of an inch. As will be 
evident from the development of the scale on the barrel of the 
inch microniefer, the sleeve is marked witli forty lines to the 
incii. each of these lines indicating twenty-five tliousandths. The 
thimble 1ms a bevided o<lge wliieh is graduated into twenty-five 
parts. When the instrument is closed tlic* graduation oil the bev¬ 
eled edge of the thimble marked 0 should correspond to the 0 
Hue on the barrel. If the mierometer is rotated one full turn 
^he opening between the spindle and anvil will be .025 ineh. If 
tJic thimble is turned only one graduation, or one twenty-fifth of a 
revolution, the opening l)elweoii the si^indle and auvil will bo 
increased only by .(KH inch (one-thousandth of an inch). 

As many of the dimensions of tiu* automobile iiarts, especially 
of those of foreign maiiufaeture or such parts as ball and roller 
bearings, are based on tlie metric system, the automobile repairman 
sliould possess both inch and metric mieroiiieters in order to avoid 
continual reference to a table of metric equivalents. With a 
metric micrometer th(*re arc fifty graduations on the barrel, these 
representing .01 of a millimeter or approximately .0004 inch. 
One full turn of the barrel means an increase of half millimeter, 
or .50 mm. (fifty oue-ljundredths). As it takes two turns to aug¬ 
ment the space betw'een the anvil and the stem by increments of 
one millimeter, it will be evident that it w'ould not be difficult 
to divide the soaees on the metric micrometer thimble in halves by 
the eye, and thus the average workman can measure to .0002 inch 
plus or micnis without difficulty. As st't in the illustration, the 
metric micrometers shoAX*a space of 13.5 mm., or about one milli¬ 
meter more than half an inch. 'The inch micrometer shown is 
set to five-tenths or five hundred one-thousandths or one-half inch. 
A little study of the foregoing matter will make it easy to under- 
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stand the action of either the inch or metric micrometer. A table 
of metric equivalents will be found in the back of the book to 
enable the workman to change inches to millimeters, and vice versa, 
without any trouble. 

Both of the micrometers shown have a small knurled knob at 
the end of the barrel. This controls the ratchet stop, which is a 
device that permits a ratchet to slip by a pawl when more tlian 
a certain amount of pressure is applied, thereby preventing the 
measuring spindle from turning further and perhaps springing 
the instrument. A simple rule that can be easily memorized for 
reading the inch micrometer is to multiply the number of vertical 
divisions on the sleeve by 25 and add to that the number of di* 
visions on the bevel of the thimble reading from the zero to the 
line which coincides with the horizontal line on the sleeve. For 
example: if there are ten divisions visible on the sleeve, multiply 
this number by 25, then add the number of divisions shown on 
the bevel of the thimble, which is 10, The micrometer is there¬ 
fore opened 10x25 equals 250 plus 10 equals 260 thousandths. 

Micrometers are made in many sizes, ranging from those hav¬ 
ing a maximum opening of one inch to special large forms that 
will measure forty or more inches. While it is not to be expected 
that the repairman will have use for the big sizes, if a caliper 
having a maximum opening ofisix inches is provided with a num¬ 
ber of extension rods enabling one to measure smaller objects, prac¬ 
tically all of the measuring needed in repairing automobile parts 
can be made accurately. Two or three smaller micrometers having 
8 maximum range of two or three inches will also be found 
valuable, as most of the measurements will be made with these 
tools which will.be much easier to handle than the larger sizes. 

.Lathe Accessories and I^the Tools.—Mention ha^ been pre¬ 
viously made of the marked utility of the lathe and its many 
advantages which make it an indi^ensable article of repair shop 
equipment. When one purchases a lathe there are a number of 
accessories that are usually furnished with that tool without extra 
cost. These include a large face plate, having a capacity equal 
to th^ f^l swing of the lathe, a steady rest and a follow rest. A 
muhbir of the mojst important lathe accessories are shown in illus- 
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trationa Figs. 75 and 76. The steady rest shown at Fig. 75, A, 
is used when a long shaft is being turned that cannot be supported 
by the tail stock center. This consists of a frame Jiingod at D, 
having three movable jaws, B, B, B. These jaws may be regulated 
by suitable screws and can be held firmly in place by setting 
dowTi the clamping nut when they have been adjust(?d to form a 
suitable bearing for the piece to be turned. Tlie usual construc¬ 
tion of a face ])late is shown at B. This can be made into a chuck 
by attaching face plate jaws such as are sliown at Fig. 76, F. 
The face plate is ])rovided with four T-slots to permit the easy 
iiisertion of c]aini)jng l)olts, and also has numerous slots throngli 
the face to permit of bolting on angle plat(‘s or other fixtures to 
IkjUI the work. A four-jaw chuck is sliown at Fig. 7.5, C. This 
consists of a body fastened to a special face plate in a nianiier 
that in.sures concentricity with the s])indle. Chucks may be of 
two ty])os, universal chucks arc those in wlncli the four jinvs may 
be controlled }>y any one of the screw* heads while an indefieiulent 
cliiick is a form having each jaw controlled by its individual 
screw' independently of the other. Sometimes a chuck may be of 
a combination tbc work-lioMing jaws may be operated 

universally or indepcudently, as desired. % 

^landrels or arbors to stipport work to be tunied are shown 
at D and E. That at I) is provided with slots adapted to take 
pieces of various heights, making it ]) 0 ssible to use tlie common 
arbor as a basis for supporting w'ork of various diameters by 
using the proper filling pieces.. One of the filling pieces is shown 
at B 1, w’hile the piece employed to hold the filling pi(*ces in 
position in the mandrel slots is shown at B 2. The mandrel at PI 
is, an expanding form, in which a piece may be held tightly by 
moving the expander carrying the piece along the taper of the 
arbor until the piece is firmly held by the enlargement in size 
of the slotted expander sleeve. 

The indicator shown at F, Fig. 75, is intended for centering 
work accurately in a chuck or on a ftfee plate. This consists of 
a bell crank having considerable multiplication of leverage, so that 
a .yery slight movement of the short arm wdll mean about ten 
tidies as mucli of the long arm wliich serves a.s an indicator. 
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Fig, 76. _ Outlining Construction of Lathe Chnch;? and Driving Dogs. 

The indicator shown at*G is also intended for use in the tool 
post, and is a gauge for indicating tlic truth of center holes. This 
also is a multiplying lever, fiilerumed in a universal joint, sup¬ 
ported by a suitable yoke. The short arm of the indicator is 
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placed in the center, and if that runs out of truth it will greatly 
magnify tho amount of running out which will be indicated by 
the degree of movement of the indicator point. 

The internal construction of the usual pattern of three-jaw 
universal chuck is clearly outlined at B, C and B, Fig. 76. The 
view at A shows tlie chuck assembled. That at B shows the bottom 
half, which is attached to the head stock spindle. At C the bevel 
rack that is employed to cause the jaw-regulating screws to move 
in unison is showm. This bevel rack engages the bevel pinion 
shown on the adjusting screws at D. A movement of any one 
of the screws will therefore produce a corresponding and equal 
movement of the other two. At E the internal mechanism of a four- 
jaw chuck is shown. At F, a face plate fitted with chuck jaws is 
depicted. When work is supported on a mandrel it is necessary 
to provide some means of turning it, because the frictional con¬ 
tact on the live center (that carried by the head stock) is not 
sufficient to turn the arbor against the resistance of the cutting 
tool. Lathe dogs are used to turn the work, these being simple 
clamp members having projecting tails designed to engage one 
of the slots of the face plate. For round work the form shown 
at G 1, Fig. 76, is commonly used. The shaft or arbor to be 
driven is placed in the hole A, and firmly secured by tightening 
the clamp screw. For work other than round, the lathe dog shown 
at G 2 is very satisfactory. The lathe dogs at G 3 and 4 are 
special forms that can be used with either round or irregular 
work. The simplest form of arbor and that commonly used is 
shown at Fig. 76, H. This is a piece of steel ground to some 
standard size, but having a slight taper with the ends flattened 
to permit of secure holding by the lathe dog clamp screws. While 
the simple mandrel is a popular form, it has the disadvantage 
that the constant driving on and of the work will produce de¬ 
preciation and the, mandrel will become reduced in size. Solid 
arbors are usually obtained in sets ground to standard diameters 
varying -by thirty-seconds or sbeteentha of an inch. It is con¬ 
ceivable that there would be many pieces to be handled that would 
not fit any standard solid arbor. In order to handle these odd 
size pieces an expanding suppoit, either of the form shown fit 
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Fig, 75, E, or 76, 3, can be used. A mandrel of this kind is ar¬ 
ranged so that the pieces designed to grip the work can be forced 
lightly against the piece to be turned by locating the expander 
farther on the taper, which is greater than that of the solid 
form. 

No lathe is complete without a w'ell-seleeted outfit of cutting 



Fig. 77.—^Latlie Tool Forms. 


tools, which may be obtained in a great variety of forms. One 
of the most popular types for all around workds the “Champion” 
tool holder, which takes various cutting xjoints, which can be read¬ 
ily changed in the master holder. This is shown at Fig. 77, A, 
with a simple round nose-turning tool in place. As will be ap- 









parent, the tool whicli docs the cutting is ground from a piece of 
square tool steel of proper size to fit the square hole in the body 
of the tool holder, whicli is usually a steel forging. Another form 
of **Champion** tool holder used for thread cutting is shown at 
B, Fig. 77. The cutter may be adjusted as it weai*s or is n‘duced 
in size by grinding by loosening the clamp screw and raising the 
cutting tool whicli is provided with a series of ratchet teetli, and 
then once again tightening the clamp screw.s which brings the 
ratchet teeth on the cutter and on the tool holder iuto iiositive 
engagement. The proper angles for a eutting-dowu tool are shown 
at C, and a side tool at B. The angle on the front edge of the tool 
is known as a clearance angle, while that from the cutting point 
back is known as the rake on a straight cutting-down tool. On 
the side tools then* is another angle to be consiiicrcd, known as 
the top angle. This is clearly intlieafed. The form of the cutting 
point used depeuds largijly upon the charactei’istics of the material 
to be cut. The first consideration relates to the softness of the 
material, the other to structure, whether it is oiystalline like cast 
iron or fibrous like wrought iron. The clearance is added to the 
tool to prevent it from rubbing on the work, w'liile the degree of 
rake determines the cutting ability or sharpness of the cutting edge, 
and gives freedom for the; chip to leave the work. A lathe tool 
should always be set so the cutting edge will be ver}' nearly at a 
point that would correspond to a horizontal line drawn through 
the center of the work. If a tool is set too low, it will tend to dig 
into the work and force it from the centers, whereas if it is set too 
high, the angle of clearance will be reduced and the work *will 
mb against the bottom of the tool. Many machinists favor setting 
I the cutting edge just a little above the center or at a point cor- 
I'csponding to about five degrees above the horizontal line drawn 
j.hrough the axis. 

1 A complete set of cutting tools for use with the Champion tool 

t iolder, shown at Fig. 77, A, is clearly outlined at Fig. 77, B. 
f he tools are made of various grades of tool steel, which is a high 
Imrbon alloy capable of being hardened byrraising its temperature 
Ijo about 1500 degrees Fahr, and then quenching in water, oil or 
firine, according to the degree of hardness desired. Various alloy 
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steels contaiDinjj tuugsten, molybdenuni, cobalt, and other sub¬ 
stances are also obtainable, these possessing desirable qualities such 
as ability to keep their edge at greater heat than tool steel of the 
straight high carbon form, or of having greater resistance for 
entthig tough metals such as the chrome-nickel or chrome-vana¬ 
dium steels so widely used in automolnle construction. 

The Armstrong tool holders are made in a variety of patterns, 
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Fig. 78.—Armstrong Tool Holders for Many Uses. 

the most common of which are shown at Fig. 78. As each is 
named in the illustration, further description is unnecessary. The 
^general construction is the same for all tools, the main portion 
or body being a steel forging not subject to deterioration, while 
the cutting point or tool is readily removable for grinding or 
replacing. Wliile the tool holder has many advantages, it is 
often necessary to make special lathe tools such as when turning 
filets, boring and other operations where the conventional form 
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of tool holder could not be used to advantage. Before tlie advent 
of the tool holder, lathe tools were forged of tool steel by the 
blaeksniith according to the individual preferences of the ma¬ 
chinist having the work done. While the forged tools are entirely 
satisfactory, it is not practical to use special cutting steel on ac- 



Flg. 79.—Set of OrdlnaiT Hand Forged Cutting Tools for Use In Lathes. 


r . • , 

count of the great cost of thU material. As practically the only 
point where the high grade steel is desired is around the cutting 
edge, it will be apparent tiiat it would be very wasteful to use 
-that material for the body of the tool, ^hich could be just as well 
made of a cheaper grade of steel. This, of course, is the great 
^Vantage of the Armstrong tool holder and similat deviceC. A 
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srt of hand-forged tools ordinarily used in lathe work afe shown 
at Fig. 79. That at 2 is a right-hand side tool, that at 1 is a left- 
liand side tool. The others in order are as follows r 3, rtght-hand 
bent; 4, diamond point; 5, right-hand diamond point; 6, round 
]iose; 7, finishing tool for cast iron; 8, cutting off tool; 9, threading 
tool; 10, rougliing tool; 11, tool for boring; 12. fine threading tool; 
13. right-hand bent threading tool; 14, inside threading tool. 

The lathe may be fitted with various attachments that will 
permit it to take the place of practically any other machine tool. 
Some of these have been previously illustrated. Jtany of the 
surfaces of automobile parts, especially of bearing points on shafts 
are finishwl by grinding and as a regular grinding machine is 
an expensive investment, owing to the fact that there Avould not 
be enough Avork to keep it busy; A^arious fonns of grinding attach¬ 
ments that can be placed directly on the lathe have been devised. 
Those outlined at Fig. 80, may be used for either external or 
internal grinding. The attachment for external grinding shoAvn 
at B, and C, consists of a simidc stand that may be attached to 
the tool post carriage and Avhich supports a wheel carrying arbor 
and driving pulley. In order to permit the lathe carriage to be 
moved along the lathe bed, the attachments are driven by a long 
driving drum driven from the lathe countershaft and supported 
by an independent cross shaft of its ov^n^ above the lathe bed, and a 
little to one side of the lathe centre so the driving belt will not 
interfere with the work, which is usually supported by centers. 
The tool for internal grinding is practically th'^ ^me as that for 
external work except that an extension arm is provided to carry 
the outboard bearings of the wheel spindle. These devices must 
be very rigid as in most internal work wheels of small diameter 
must be used, which, of course, must be turned at high speed 
in order to attain the recommended peripheral velocity of 5,000 to 
6,000 feet per minute. The grinding attachment shown at D, is 
the form that can be used in boring cylindera and similar work, 
while that at G, would fie used for external gnnding on shafts 
and pins. 

MiaoeHaneoiu Tools aad AppUasces. —The appliances shown at 
Fig. 81 are useful and should be included in the equipment of all 
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Tig, 80.—Orlnding Attachments for Internal or External Work on Lathe. 

shops’where labor-saving tools arc necessaty to profitable conduct of 
business. At A, Is depicted a simple machine for straightening 
bent stock, shafting, drills, reamers, drive shafts, axles, spindles, 
arbors, broaches and other similar con^onents. It consists of a 
cast iron frame on which V-blocks slide, the work being sup¬ 
ported by these, and a large screw by which pressure is exert^ 
against the bent part to straighten it. A light steel bar is placed 
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ill front of tlio centers for convenience of holding chalk or pencil 
when testing work tiiat has been straightened, and adjustable 
eentei-s are provided to support the shaft at the ends when testing 
for straightness. These are made in various sizes and are very 
useful in reclaiming tools, stock and shafting often thrown in the 
scrap heap and save time and money over the common method of 
liammoring, centering work in lathe and testing. A moment’s 
work may .save a finished .spindle or arbor that'would be'difficult 
to 1 ‘estore by use of hammer and anvil. This differs from the 
form previously described in tliat it bas a substantial east iron base 
to support it, also in otlier minor details. 

The angle-bending tool at II, is a very powerful, but simple ma- 
ehiue inbmded to be operated by hand for bending steel and iron 
rods or bars to various auglt*s without heating. The machine shown 
is a combination tvpc, it can bo used for light or heavy stock, 
and will bond anything frinn light drill rod to one inch iron bars, 
i»r fiat stock four inches wide by onodinlf inch thick or its equiva¬ 
lent. Light stock is bent by swinging the dies witli the hand 
lever, lieavier material is formed by using the ratchet lever and 
pinion to move the dies. This is devised to be set on the top of a 
strong post, which Is set in the center of the floor of the shop so 
that any length of stock may be bent. Various dies are furnished 
and one can make U-fittings, hooks, screw-eyes and rings as well as 
angle pieces. 

As the practise of using the softer alloys for bearings is common, 
a babbitt raeltor is a useful fixture to install it any repair slioj. 
doing considerable overhauling work. This consists of a large 
melting pot adapted to set on a bench, having a gas burner under 
it to heat the metal. One pipe is intended for gas, the other for 
an air blast from blower or foot bellows. This is a much cleaner 
method of melting bearing metal than the forge fire, the coal used 
often containing such elements as sulphur which may change the 
character of the alloy. It is also more convenient and quicker. 
A pot used for this purpose is shown at Fig. 81, C. 

The soda kettle shown at D is used for removing grease and 
dirt from small tools, parts of automobiles, and machinery. A 
coil of steam pipe is used to heat the solution in which the articles 
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are placed. This consists of washing soda and water, and piwes 
immersed in the solution dry without rusting when taken out. Sdeh 
kettles usually have a capacity of 5D qr 60 gallons and are in* 
tended to be placed in any convenient location among the ma- 
(diine tools. Others are of such form that they can be placed 
against a ,wall or in a comer. A removable wire basket or cagd 
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for receiving the work is provided, and a small perforated bucket 
or shaker is furnished for washing small piecesi This method of 
cleaning parts is superior to the common method of using gaso¬ 
line, as it reduces the fire risk appreciably and the soda solution 
cuts the grease fully as well as the inflammable hydrocarbon. 

It is often possible to extemporize special tools that will serve 
the purpose quite well by making simple additions to ordinary 
tools that may have outlived their usefulness and no longer be 
suitable for the purpose for which they were primarily intended. 
Two useful attachments that can be easily fitted to the ordisftry type 
of monkey wrench, when the jaws have become so sprtiiig that 
they are no longer suitable for turning nuts, will permit these tools 
to be used on pipe. These arc outlined at Fig. 82, A, B, and C. 
That at A, is a simple pipe cutter, comprising a jaw member having 
a recess to receive the jaw of the wrench*, this being fitted with 
parallel arms adapted to straddle the wrench shank. A cutting 
wheel or disc is mounted in a block sliding in and guided by a 
suitable yoke piece. This block and the roll it carrieh can be moved 
as desired by turning the handle on the feeding screw. Simple 
clamp screws insure that the attachment will be easily and quickly 
attached to the wTench. The pipe is placed between the movable 
jaw of the wrench and roller, and is backed by .the shank of the 
wrench, as indicated in the illustration. This device is used in 
the same manner as a pipe cutter, the wrench being revolved 
around the pipe and the pressure On the cutter block being in¬ 
creased gradually to cut deeper into the pipe ^ch revolution. 

The device sliown at B is an extremely simple member, having 
a series of serrations or teeth to permit it to grip a round surface. 
This is made of hardened steel and has a simple clip member by 
which it may be easily attached to the fixed jaw of the wrench. 
jThe U-shapo piece is adapted to closely engage the , top and sides 
^ of the wrench jaw, the tooth plate is pivoted to the U-member 
in sUflh.a way that it will lie beneath the face of the fixed wrench 
jaw. A locking member, com]:h)sed of a pin having a grooved end 
and retention spring, is passed through the XJ-member to hold the 
attachment in place. Either of the attachments shown at A, or B, 
may be fitted to a monkey wrench without impairing its usefulness 
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for . the work for which it was primarily intended, as they are 
readily removable. The method of fixing a wrench so that it 
will serve as a tube or pipe cutter shown at C, means that some 
machine work is necessary, this consisting merely of boring a 
small hole through each jaw of the wrench. The hardened steel, 
beveled edged discs used in pipe cutters can be purchased for a 



rig. 82.—Showing Various Attachments for Use with Standard Tools. 
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small sum from any hardware stoi;e. The holes bored through 
the wrench jaws correspond to the size of that in the disc. A stove 
bolt passed through each disc acts as a bearing and is tightened 
down so the discs dt snugly against the jaws of the wrench, yet 
not tightly enough to prevent them from turning. Different sizes 
of pipe may be cut by simply adjusting the jaws as would be neces¬ 
sary to fit the wrench on various size nuts. 

A soft metal hammer is very useful, but in some cases it may 
be used so seldom that tlic expense of buying a copper or babbitt 
hammer would not be warranted. A simple substitute is shown 
at Fig. 82, D. This is a eoj)per, soft brass or babbitt casting fitted 
to tlie hammer head by three semvs. Tlic pattern for the casting 
can be easily made and can be turned out hollow, no core being 
necessary. If lead or babliitt metal is used, the casting should 
he somewhat lieavier than it* a stronger material, such ns copper 
or brass is emjdoycd. 

Some types of work, such as light U-shapo ]>rackets and similar 
ilttembers are not easily drilled on a<Jcouut of the difficulty in holding 
these on the drill press. At Fig. 62, E, a method of utilizing a 
fiction of a discarded crankshaft for making a drilling block is 
clearly shown. The checks of almost all crankshafts are planed 
smooth and parallel, thus making that portion of the shaft pai*ti- 
cularly suitable for this use. The journals are sawed off close 
to each web and these are filed or milled so that the cheek will 
rest firm and level on the drill press bed. The block shown may 
be used for drilling all light bent work and the raised portion en¬ 
ables the bent part of the work to clear during the operation of 
drilling. A block of this nature may be easily clamped onto the 
drill press table by a standard spring clip. 

Modifications of the stethoscope employed by physicians are 
offered for detecting noisy operation of automobile engines, gear 
boxes and other portions of the mechanism. The operation of those 
devices, as is well known, is to localize the noise and thereby ascer¬ 
tain the part or parts at fault, A very good sonoscope, as these 
instruments are called, thaj: may easily be contrived by the repair¬ 
man is shown at Fig. 82, F. .This is made from an old telephone 
receiver shell, the construction being so clear that further descrip- 

< 3 : 
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tion seems lumeeessaiy. The pieces shou'n below the receive 
are extensions by which the rod transmitting the sound to the 
diaphragm may be lengthened when necessary to reach inaccessible 
parts. 

An adjustable socket wrench that has considerable merit is 
shown at Fig. 83, A. This consists of a main handle T, made of 
square section stock with a cross bar welded to the top by whicli 
it may be turned, a piece of spring steel bent as shown and a clip 
of rectangular form riveted to the lower end of the wrench handle. 
Owing to the tapering sides, as the handle is drawn up the jaws 
are permitted to open and the space between them increases, adapt¬ 
ing the tool for a larger nut than when the handle was pushed wa' 
dowm and the jaws brought closer together. 

Gaskets and washers of various material, such as rubber, asbesto 
or felt arc widely used in automobile construction. These ar 
hard to cut by the ordinary method of using scissors or a knife ^ 
A w'asher cutter, such as shown at Fig. 83, B, forms a useful articl 
of repair shop equipment. The cutting blade is carried by a sli 
ing supiKirt which may be set at any desired point on the graduate 
cutter bar. The cutter bar is turned by a large T-handle whic,^ 
not only provides leverage to rotate the cutter but also screwt 
the member carrying the cutter bar into the supporting arm and 
provides a feed so the cutting tool will go througli the material of 
which the washer is to be made. ’ 

Mention has been prt'viously made of the desirability of in- 
eluding a soft hammer in the repairman's kit and a simple fitting 
that can be attached'to an ordinary machinist’s hammer has beer 
previously described. The ** Herat" soft hammer mold which ii 
shown at h'tg. 83, C, makes it possible for the repairman to make 
his own soft hammers at relatively slight expense. The operatlou^ 
is extremely simple. A piece of pipe of the size that is to serve 
for the handle is inserted in the mold and the swinging top or upper 
■^rtion of the mold is brought in place and tightly clamped again 
the pipe by a member provided for that purp<»e. Old babbitt 
or worn out bushings of white metal are placed in the ladle portkt * 
of the mold and are then melted over the forge Are. When tb 
metal i« fluid, the mold may be easily picked up and tilted ii , 
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^low the molten material to flow ftom tlie ladle into that portion 
of the mold aurronnding the piece of pipe. When the metal 
has cooled, a mallet bead of suhstaziHal proportions will he found 
cast around the pipe handle. 

One of the most disagreeable of the operations incidental to 
repairing is fishing for lost bolts and nuts in the narrow confines 
of a motor crank case, gear case or in the small space between 
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the eugine and the under pan, where it is difficult to tarusl t'v* 
hand or arm. The usual implement for fishing out the lost urtieh •» 
is n hent wire or copper tube, but the pickup pliers built on tli<> 
lasy tongs principle shown at Fig. fi3, D. make it possible to catch 
almost any object. The pliers measure 21 inches in length, extended, 
but when folded they are but 7 inches long. 

Special Home-made Tool8.~Thc tool outfit of most automobile 
repairmen of experience inchuU^s many s])ooial tools that they 
have made from time to time for doing special jobs. ^lany of thes ‘ 
arc well adapted for general work and some that were luade by 
the writer when he was in the repair business are shown at Figs. 84 
and 85. AYhile the method of construohon is apparent from the 
ekelches, it may be well to describe the uses to whicli tlje tools can 
he put. At Fig. 84, A, is shown a cotter pin tool used for ex¬ 
tracting split pins, where tliese are employed as a locking means >4 
It will bo noted that a fin of metal is provided at the hooked etAi 
V liieh serves as a point of support hy which considerable leverngtt 
rmy be exerted hy a simple rocking motion the ftn being stipported 
by any convenient projection adjacent to the pin to be removed* 
The olher end of the tool is flattened Mid bent up to form a spreader 
to expand the ends of the pin after this member lias been in¬ 
serted in the bolt. The offset screw driver shown at B, is easily 
bent up from a heated piece of tool steel, filed to shape and then 


liardened and tempered. These may be made iu various sisea 
depeuding on the size of the screws 6iey are to remove. 

. At 0, is sliown a socket wrench having a T-handle that may 
be made to fit any odd size bolt head or nut thkt the i*egular sto^% 
sockets do not provide for.^ A bent box wrencli which can be used 
for spark plugs is shown at A home-made universally jointed 
T-lmudle for turning sockets such as shown st F, is clearly outlined 
at B. At the present time these tools may be pijrchased fully as ' 
cheaply as they can be made, unless some pdd juse Is needed that 
cannot be bought. The socket wrench ^wn at G, was made from 
an old bit stock and w$s intended to> fit the clamping nUtS 
«}Uick detachable domountable rims. Afodifioatioiis of tliis tool will 


pro^e useful wherever there ate a number of nuts of the same sis^ 
that must be removed from time to lime, forged T-'handl* 
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driver BliQirn at 'a&ik nude to handle large screws and 
slotted head bolts that could not be turned the usual pattern 
of screw driver. The wrench at I ^as specially devised for remov¬ 
ing castellated valve chamber caps. The bars at J, and K, are 
\ery useful for bending or straightening mud guard irons, step and 
lamp brackets, tierods, etc. That at J, is an ad^ustoble type, one 
jpf the projections being movable and capable of being inserted 
m any one of the holes provided on the handle. At is sho'sn 
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a special wrendi made for removing the valve chamber caps hav 
ihg an latemal hexagon socket and al*w hub caps of the same de¬ 
sign* The wmich at M, was made to handle cylinder head re¬ 
taining holts that cpuld not be reached with an orduiery monkey 
Wr4nch> because aVnmeh of the pr<^er mzc was too large through 
the jaws to dt the bolt heads which were set in depressions in the 
cylinder head casting. * 

i Another group of useful tools is riiown at Fig. 85, these also 
l^ng so clearly outlined that but brief description will be necessary 
tveo blocks A, are used for flaring the ends of copper or 
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brass tubing used in making oil or fuel leads so they will fit the 
coned end of couplings or unions. The blocks are steel, cast iron 
or bronze, of tlie same size and held together in proper relation 
by small dowels. The holes are of proper size to handle 8-16, 14, 
5-16, 3-8 and 7-16 inch diameter tubing respectively, and the ends 
are countersunk so the desired fiare may be obtained. In using 
these, the tube is placed in tlie proper sized liole, and firmly graspe(\ ** 



Fig. 86.^Anotber Oronp of Special Tools and Appliances of Tains 

to AutomobUo Bspaimen. 


/ 

between the blocks in a vise. A portion of the tube protrudes 
above the surface, and is expanded by driving a taper punch so 
the tubing fits the sides of the countersink. 

There is no more annoying condition that cozifronts the rep^r^ 
man occasionally than dropping a bolt, nnt or other small part 
into some particularly inaccessible place such as a crankcase or 
geai*caso interior from which it must be removed at any cost. For 
this reason, the utensils illustrated at Fig. 85) are of special in¬ 
terest* That shown at B, is a small electro-magnet having a flexiblj 
Vhdle so it can be thrust into very inaccessible places* The.inagiife 
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'is a piece of soft iron about ^-inch <lian\eter, having a hole bored 
at one end to receive a piece of annealed copper tubing. 

Tliree layers of No. 38 magnet wire are wound around it, one end 
of the wire being soldered to the copper handle dose to tlie point 
of juncture with the iroji ])iei!c. The other end of the wire is 
brought through the tube and is allowed to protrude for several 
dnehes at the otlier end. A small terminal is soldered to the handle 
where Ihe wire conies out. To use this, tlie niagnetda conjiected 
to a six volt battery, preferably dry cells (as the resistance of the 
magnet winding is so low it might short circuit a stiiptge battery), 
and brought in contact with the nut or bolt to be removed. If 
4 ktliis is iron or steel, it will be attracted by the magnetic force 
and lield to the magnet and it can be easily withdrawn. 

I'lifortunately, all small parts are not of magnetic material, 
and as such a magnet would not be of any use if the object wore 
-rass, copper or aluminum, tlie tool shown at 15 is also us<*ful. This 
is made on the principle of a fruit picker, a number of finger's being 
bound logcther at one end and secured in a handle, while a sliding 
ring can be brought down toward the lower end to close them 
upon the object to be removed. The fingers arc light steel rod, 
_flatt.cnt.d and Rorralcd at the lower end to afford a grip on an 
'irregularly shaped jiicce. The sliding ring is worked by a liglil 
rod extending to the top of the handle where it may be easily raised 
and depressed when the low'Cr portion is thrust in tlie interior 
of a crankcase, or gear housing in search of some matter out of 
^lace. Either of these devices will be found to have many uses, 
and the expense of making them is so slight as to be almost negli¬ 
gible. 

It is not always possible to provide retention or clamping nuts 
having square sides to hold a wrench. In some cases this construc- 
ftion would be objectionable on account of appearance, in others, 
as in internal clamping nuts, it is not possible to- fit cither a hex 
or a square. Nuts of this form are usually provided with a series 
of boles drilled in their face, if of the internal- form or with 
slots milled acroi» their peripheiy, if of the external form. While 
jX is possible to move these with a drift pin and hammer it is al¬ 
ways preferable to use spanner wrenches for the purpose. These 
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are very simple and may be easily made by any repairman; The 
solid form shown at D, Fig. 85, has a disadvantage of only fitting 
one size of nuts. The adjustable form shown at F, which has a 
swinging arm, may be set to handle quite a range of work. The 
nut is turned by small pins projecting fi-nm the face of the wrench 
and adapted to fit into tlie holes in the nuts. For external nuts 
having milled slots, the wTench shown at Fig. 85, E, is used. The*^ 
large spaimor wrench shown at G, is utilized for romoviug valvsl 
chamber caps provided with a castellatcil top. The special socket 
WTench is usefid wdiere bolts or nuts must be turned from a dU- 
taiieo as hi working down through a seat or floor board w’hero an 
ordinary wnnieli couUl not be ha)nUed 

A eliiiiu rojmir block is showji atj[. This consists of a cas^ 
iron base, having a clmiinel milled through it or cored therein t( 
fit the size of chain the block is to support. A piece of steel boiler > 
plate, a little less in thickness than the chain roll diameter 
having three projecting fingers is made to rest on the top of the 
block. The luiictioit of the slots b(‘twecn the fingers is to provide 
space for supporting tho rollers while the chain link sides rest on 
the finger. Tliis forms a secure methofl of holding the drive chaiji 
for driving out rivets that hold the chain links and rolls together. 
It is often difficult to replace a chain on sprockets if no too?^ 
is available for holding the chain ends together while iuBcrtiiig 
the master link. The simple tool shown at J, was made by the 
writer in less than a quarter of an hour and proved very naeiul 
for doing this work. The main portion consisted of a pie<ie oC^ 
cold rolled steel rod having a hook bent up at one end and earryin{[ 
a wing nut and sliding hook on the other. The sliding hook, was 
simply an eye piece having a hook formed at one end. Tightening 
on the wing nut moved the eye piece on the shank and the etids 
• of the chain were brought together owing to the moremeht of; the < 
hooks which filled the space between two of tbe rollers at each eud. 

A magazine wrench which is useful in removing a nuiaber of 
nuts of the same siz# rapidly without necessitating handling, them 
is shown at K. Tools of this form have been.used by racing driyers 


The device consists of a cheap bit brace and Special long sockeCg 
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wrench. A simple clip is attached to the socket wrench, this hav¬ 
ing a projecting pin into the interior in order lo hold the nuts from 
coming out of their own wcigftt or by spring pressure. A coil 
spring is used back of the nuts in order to force these down against 
the stop pin. Assume tlmt a rim is held by six nuts. H will 
be apparent that all of the nuts may be carried in the body of the 
wrench witiiout any trouble. To release the nut it is merely neces- 



Fig. 86.—Showing Construction of Wheel and Oear Fullers. 

sary to catch it on the thread, screw it homo and then pull out the 
socket. The little lock spring will move back and permit another 
nut to 4rop in place ready to be screwed onto the next retaining 
bolt, the spring insuring constant feed. The special wrench shown 
at L, is the usual fom of end wrench with the jaw portion bent 
at right angles to the handle. A wrench of this form can often 
be used where the regular type would be at a disadvantage. Men¬ 
tion has been previously made of valve chamber caps that were 
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provided vfith internal liexagon or square sockets. The wrench 
shown at M consists of a forged* handle having a piece of bar 
stock of the proper section securely welded to it. The length of t]\e 
handle provides considerable leverage, makes it possible to remove 
the valve (Mips even if these are rusted in place. The short pi(»ccs 
of bar stock shown at M are used for the same purpose, but 
are intended to be turned by a large monkey wrench or by insert¬ 
ing a lever or pinch bar in the holes provided for the purpose at 
the top of th(‘ bar. 

h Wheel and Gear Pullers.—"When wheels or gears have seized 
on their axles, dim cither to want of lubrication or to grit, rust, etc., 
special forms of pullers arc needed to remove them without injury. 
The foriiitsliowu at Pig. 86, A, is intended to be u.sctl on gears that 
have threniled holes in the web to receive the screws on the end 
of the cross bar. When these screws are properly cntercil, pres¬ 
sure on tlie central screw’ will draw off the gear from the shaft. 
The form shown at B, is intended to be passed around the gear 
or pulley to be removed, as it has arms wdlh hooked ends to obtain 
u purchase on the rim of the gear. The ceuti'al screw is turned by 
a crank, but in other respects its action is similar to that shoivn 
at A. A simple form of wheel puller that may bo made by any 
repairman is shown at Pig. 86, C. The crossbar is forged from a 
piece of si-rap steel and provided with a series of holes equally 
spaced each side of the boss. This is drilled and tapped to.rfHJcive 
a standard 1.125 inch screw pointed at its lower end to fit into the 
center hole lofi. in the end of all axles or sliafts that arc finished by 
turning. The arms arc forgings and can be moved back and forth 
. as desired on the puller beam. The upper end of tlie puller arms 
arc provided with yokes of suffiemnt size to permit the beam to 
, drop in and are held in place by a through pin which, can be easily 
• l^moved to permit the arm to be changed from one hole to another 
! according to the size of the object to be removed. 

The largo wheel.puller shown at F, is practically the same iti 
( construction as that shown at C, except that it is more powerful 
\ and has three arms instead of two. The advantage gained by this 
construction is that the pressure is exerted at throe e(iuidistant 
I points and it is not possible for the puller to spring sideways when 
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the pressure is applied to the screw as sometimes occurs with 
the two-armed form. The beam*is a heavy steel forging, the arms 
of wliich are drilled with a number of holes so the hook members 
can i)p moved to accommodate various sizes of work. For re¬ 
moving wheels from live axle .shafts, as is necessary on all non- 
floating rear axles, the devices shown at D and E are useful. These 
are practically heavier duplicates of hub caps provided with a pres¬ 
sure screw’ in the center forced in against the axle after the device 
is .screwed ou the wheel hub. The body castings may be of steel or 
bronze otkI even malleablo or cast iron may be em])loyed. The 
puller shown at E, has a minor advantage in that threads may be 
bro\ight clo.sor to the wheel hub by screwing the clamping bolt 
which tightens the body portion around the thread should that 
member bo a trifle undersized. 

The wheel puller shown at G, Fig. 86, is anew pattern capable 
of handling a wide range of work. I’hc arms are heat-treated steel 
drop forgings and can be quickly adjusted to hajidle work as wide 
as lliirteon hiehes. For small plex'-cs surh as pinions, cams, etc., of 
inches diameter or less, oxtoisiou arms arc provided to enable 
one to exert pre.ssui‘e for the removal of liie small piece. The 
Center screw passes through a tlireaded block into which tho bolts 
iudding the arms in place screw. As each arm is provided with 
nine holes and as they arc caj)ahle of swinging ou the fulcrum end 
it will be evident that a large variety of work can bo handled w ith 
one wheel puller. 

Typical Special Tool Equipment.—The. makers of all the popu¬ 
lar cai‘s, cHpeeially those that are produced in any quantity, furnish 
sjK'cial tools for the use of their repairmen or for tlio.se employed 
in the service statiims of the agents. As an example of the special 
tools that it is possible to obtain, the assortment uskmI by repairmen 
of Ford Model T cars is .showu at Fig. 87. The device at A is a 
wheel puller designed to go on the hub in place of the hub cap. 
In operation it is the same as the form shown.at Fig. 86, D and E. 
The tools showu at I'Mg. 87, B, C, D, F, G, and I)-2, form part 
of the regular tool equipment. The box wrench at E is also fur¬ 
nished with each car and is a hub cap wrench having one end 
formed to fit the slabbed portion of the front wheel bearing 
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Tig, 87.—Special Tools of Valae in Bepairing Ford Automobiles. 
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inljiisting cone lock nut, A v«lvc Kpriuj^ lifter is shown at IT, while 
a valve s(’at I'oamcr is sliown at 1. The valves are turned while 
grinding by the special brace S, which cau bo used on all of the 
valves cxcc[»t the one on t)ic rear cylinder, which is immediately 
under the diisli board. To liiru this valve the special wrench shown 
at Ji, is provided. A special T-haiidlc socket wrench for handling 
Vs-ineh nuts or bolt heatls such as list'd ou the rear construction 
and various other points is shown at J. A. T-hajidle screw-driver, 
for the set screws which arc employed in retaining the eamshat't 
bearings, is shi»wn at (). The puller shown at E is for removing 
^llie cam gear from the eamshaft,while tlmt at Q is a transmission 
clutch indler. Tlio hraeo shown at IJ, is a special socket wrench 
for ^-inoh bolt niita. The brace shown at T, is employed for re¬ 
moving the maguet-retaining screws in tlio magneto assembly. Tin* 
l^ire irons at A-2, the tool roll at B, tlie jiunip at D-1. and the spark 
plug socket wrench at l)-2 arc all parts of the regular tool equip- 
jiient furnished with each ear. 

The simple fitting sliown at W, is a piston ring compressor 
<miployed to compress the rings in the piston grooves to facilitate 
easy assembly in the cylinder block. A nmnber of .special socket 
wreuclics arc shown at X, Y, Z; A-1, C-1, C-2 and C-3. These arc 
all intended for use on the various fastenings used in holding 
the parts together. For e.vample, that at X is a s«)cket wrench for 
the crankshaft main Isjaring bolt nuts. That at Y is for 5^^-iuch 
bolt heads or iiuts. The wreiieU at Z is for rcmov-ng the cylinder 
mead retaining bolts. The wrench for removing tne pinion drive 
shaft housing retaining stud nqts Is shown at C-1, this being useti 
for %-mch nuts. The rear axle housing bolt nut wrench i.s shown 
at C-2, while the form oiitliucd *at C-o is similar to that sh(»wn 
at C-1 except that it fits 11/32-ineli nnt^i. The special end wrench 
at M, is for the flywheel retention cap screvvs, that at TJ, is for 
removing the large cam gear lock nut while that at B-1 is a regular 
open end. wrench, for nuts. Tho prices on .these tools are 

so.'loW that it is cheaper to" purchase fixjm the factory than to at¬ 
tempt to make them. 

T Tools and Supplies Itemised.—The following lists arc presented 
as a guide for the novice repairman or motorist who wishes to make 
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his own repairs and enumerate the most important of the tools nec¬ 
essary in automobile repairing and the supplies n;iOBt generally 
used in restoring defective mechanism. It is not possible to enumer¬ 
ate all tools that can be used to advantage as their number is 
legion. However, selections* of those needed can be made from the 
lists for the regular tool equipment and can be augmented as 
conditions dictate. The wider the range of work the shop is to 
atUuupt, the more complete the tool and supply stock must be. 

TOOLS FOn THK BEPATR SHOP. 

ItAMMliUlS: 

Blacksmith's hammer—4% lb. head. 

Blacksmith's sledge—JO lb. head, short haudle. 

Blacksmith 'b sledge—20 lb. bead, long handle. 

Machinist's ball peln hammers—1 lb. head, 2 lb. bead. 

Machinist's ball pein hammers—% lb. head. 

Machinist's straight pein hammers—4 oz. head. 

Woodcu or Bawhide Mallot. 

Load or Babbitt hammer. 

Wbbxchks: 

Hatchet Handle Socket Wrench Sot. 

Six-inch Stillson wrench. 

TweU'e-inch Stillson wrench. 

Bighteen-iuch Stillson wrench. 

Six-inch Coes or other monkey wrench. 

Twelvo-inch Coes or other monkey wrench. 

Kigtiteon-ineb Coes or other monkey wrench. 

Sot of double ond S wrenches. 

Assorted Spanner wrenches. 

Bicyclo wrench, small 4 inches. 

Narrow jaw monkey wrench, 8 inches. 

Benus and Call Adjustable end wrench, 6 inches. 

Bemts and Call Adjustable end wrench, 8 inches. 

Spark plug gocl^ wrench. 

Small band vise. 

PUtEBS, ETC.: 

Combination pliers,' 6 inches, 10 inches. 

Side cutting, parallel jaw pliers. 
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huEBS, ETC.— Continued: 

Special anti skid ch&iu pliers. 

Tiro casing cut repair pliers. 

Cotter pin-pliers. 

Piston ring expanding pliers. 

Tinner's snips. 

TTcavy shears. 

Bolt cutter. 

\ 

I^CRBW DKIVEK8; 

.Tpweler’s small screw driver. 

Kix inch screw driver, Vi-inch width blade. 

Tcndnch si row driver, %-iDch width blade. 

Twelve-inch screw driver, Vi-inch blade. 

T handle “Bulldog” S‘*row driver. 

IlSCEL7..\.NKOi;8 Toot.8: 

Wheel pullers, valve spring lifters, etc. 

Breast drill, two-speed. 

Valve seat reamers, valve head truing cutters. 

Hand <lrill, one-si>oed. 

Belt punch. 

Bit brace, ratchet and bits. 

Carpenter’s croaa cut saw. 

Hacksaw frame and extra saws for tubing and bar stock. 
Batchet drill set. 

Gasoline blow torch. 

Spring winder, chassis spring apreuder. 

Scrapers (carbon). 

Scrapers (bearing). 

Jack plilno and wood chisels. 

Bet cf number drills. 

Wire scratch brush, putty knife. 

Set of taps and dies—S. A. £. standard. 

Set of taps and dies—metric standards (foreign). 

Set of taps and dies—American standard. 

Soldering irons—^large, modium and small. 

Set of straight and taper baud reamers. 

Files, etc. : * ^ 

Twelve-inch bastard cut, flat. 

Twelve-inch bastard cut, half round. 
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VliJSS) BTC.— Continued: 

Ten-inrh bastard cat, round. 

Teu-inch bastard cut, square. 

Ton-inch bastard cut, tbrco-cornere<L 
Ki{^ht-iiich second cut, flat. 
l*]i^ht-iiieh second cut, half round. 
lOigbt-ineh fiuisliing cut, flat. 

Eight-inch finishing cut, half round. 

Eight-inch finishing cut, rat tail. 

Eight-inch finishing cut, tbree-cornored. 

Bix-inch finishing cut, flat. 

8/x-inch finishing cut, rat taiL 
Bet of file handles and file brush. 

Brnall and large oil stones. 

Chisels, etc.: 

Cape chisels—suall, medium and large. 

Chipping chisels—small, medium and large. 

Round nose chisels—small, medium aud large. 

Diamond point chisels—small, medium and large. 

Center punches—-small, medium and large. 

Drift pins—44e. ^6» Vi, ^o, %, % and 'Ji-iuch point. 

Cotter pin puller. 

Bet of straight and offset scribers. 

Measlring 'J'ools: 

Carpenter’s and machinist’s tri-squares—small six-inch, large twenty- 
four inch. 

Machinist’s twelve-inch flexible si-alo, six-inch scale. 2-Inch scale. 
Cai 7 >ei>ter’s two-foot folding rule. » 

Caliper rule. 

Combination square and protractor, IS-ineh scale. 

Spirit level, cross level. 

External micrometers, one, two, three and 6-iuch with extousiou pieces. 
Tnternal micrometer, with extensiou pieces. 

Thread gauge. 

Hermaphroflite calipers—small, medium aud largo. 

Small internal calipers. 

Large internal calipers. 

Small external calipers. 

Largo external calipers. . ^ ' 

^ling dividora, amail and medium. 

JFVictioo joint dividers, large. 
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List of Tools and l^uppiies 

UjiNOH KQriPMtXT: 

MctUum si/e pipe vise. 

Largo swivel vise. 

Mottium swivel vise. 

Snrfaeo plate. 

Small bench anvil. 

Macliinist'a clamps. 

C clamps—large, medium and small. 

Straight edge and surface gauge. 

Pyrene lire extioguisher. 

Angle bunder. 


ELECTRICAL EQUIPMENT 

Extension lamps with wood hiiuille anfl steel cage. 

Electric breast drill. 

Storage batter/ charging means; Rheostat, lamps or rectifier. 
Still for making pure water. 

Voltmeter for testing storage batteries. 

Amineter for testing dry cells. 

Hydrometers and hydrometer syringes. 

.\cid bottles aud electrolyte crocks. 

Extra strap connections, wing nuts and lead bolts. 

Torch for lead burning. 


TIBE REPAIR MATERIAL 

Vulcanizer for casings. 

Molds for same. 

Vnlcanizer for tubes. 

Acid cure or cobl vnlcaniziug set. 

Stock outfit for vulcanizing and patching, rubber, canvas, etc. 
Rubber cements, cut fillers, etc. 

Air-compressor outfit. 

Jacks, two of each size, largo, tnedium. 

Tire irons, special rim tools. 

Valve tools, air presHUTo gauge. 

Extra valves and valve parts. 

Casing air bags or coil npynga for use when vulcanizing. 

Inner tube patches, inside and outside casing blowout'sleeves. 
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KEPATR SHOP FURNITURE 

!Movabl«^ and wall benches. 

Wheeled trucks, special jacks, treaties, etc. 

Oil separator and Jilter. 

Sixty-galJou oil tanks, with jmiups. 

Small tanks for kcrosenn, alcohol, cutting oil, etc. 
Gnsolino storngo system, 100 gallons or larger. 

Oil cans, oil and greaso guns. 

<Jovorc<l cans for waste, oily rags, and rubbish. 

Pails of sajicl and chemical extinguishers tor fire. 
Overhead washor, hose and faucets. 

W^ashiug Tuaterials, soaps, sponges, ohninois, etc. 
Water lieater, 

PolHsh kettle, babbitt melting pot. 

]>raiiis, trnps, etc., according to law. 

XjightHiand for night work ou cars. 

Blorh and tackle, chain boists, etc. 

Overhead trolley track or portable crane. 

Turnta>»le or substitute. 

Kteel or wooden lockers. 

4 Oil drip pans for iloors. 

’ Uu&tbriish, Aoor broom, v»'hisk broom. 

>f Water puils, quart and gallou measures, funnels. 

' Bracing forgo. 

• Autogenous welding outfit. 

'■ Cnrbon-romoving outfit. 

'Blacksmith’s forge and blower. 
fPost drill press and drills. 

^Five hundred pound anvil and block. 

Quenching tank, forge coal box, ^ 


A REPAIR SHOP SUPPUTES 

>: 

5»\ Class A— HAnowAnt: Stock. 

SfRound cold-TolIed stool rods, %, % inch. 

^ound marhinory steel bars, %, %, 1, IH inch. 
aFlat band iron and steely assorted si/.es as needed. 

)f.)riU rod, Ubsorted sizes. 

31ack aboet 'iron, sheet brass and copper, asBortSd gauges, 
tinned and galvanieed. iron sheets. 

Cool steel, for lathe and ))laTicr tools. 
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r 

Class A— Haadwabe Stock—C ontwiurrf; 


Key J^took in bars, %, ^^-inch square. 

L’apor Uiin copper or brass for shims. 

Cored bronze bars, for bushings, assorted, 
ftabbitt or Magnolia metal ingots. 

Hare copper and iron wire, H, Ifi, IS, 20 gauge. 

Piano ami phosphor bronze wire, for springs. 

Hoft wire solder; half and half solder; hard solder, 
jirazing spelter, granulated and in wire. 

Hearaless steel tubing, sizes as needed. 

Brass and copper tubing, sizes as needed. 

Annealed seamless eoppe.r tubing for fuel and gas liuaa—% iocb. 
C<»mpression couplings for copper tubing, ells, tees, unions, etc. 

Norway iron and copper rivets ami burrs, assurted. 

I’uiicbed iron washers—Vi. yuj, %> Vic* Vj-iueh holes. 

Bolts and nuts, assortment, of standard sizes. 

ISplil pins and lock washers, assortment. 

^!np screws, stove bolts, carriage bolts, assortment. 

*SVood screws, round. Hat and oval head, blued steel, brass and nickel, 
bag HCrews, brads, nails, escutcheon pins, apUolstcre.r’a tacks. 

S<«t screws, taper pins, lock nuts, os&ortmcnt. 
tVoodrnif keys and cutters, assortment. 

Vs'ineb brass pipe, other sizes as needed. 

Standard brass Httiugs, %-inch pipe size, ells, tees, unions, pet cocks, ote* 


t’l,ASS 11 —Misckllaxeoi.’s Ruitlies. 


Emery, three grades—fine, medium and coarse. 

Crocus, grindstone dust, ground glasH, corborunduin. 

Crocus clolch, emery cloth, ^and paper, assortment. 
aLard oil for cutting, cutting compound.' 

^^ubrieauts: cylinder oil—flight medium, heavy. 

Lubricants: machine oil, tlireo-in-one, cup grease, graphite. 
Lubricants: special grease for transmissions and ball bearings. 
Uubbor matting au.ii linoleum for floor boards, etc. 

^ Brass molding, for ronning boards, etc. 

^ Sheet felt, assortment felt oil retaining washers. 

Piber tubes and rods, as needed. 

Sheet bard rubber, black or rod fiber, assorted thicknesses. 
Heavy brown paper apd light cardboard for packings. 

Sheet asbestos, mobiJine, for packings. 

Sheet rubber packings for water joints and pump covers. 

\ Asbestos cord) caudle wicking, hemp packing. 

^ed rubber tubing for gas line, %o» yie*iuch hole. 
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Cla^s B-— Miscellaneous Suppues— ConOnued: 

Rubber steam hose for water connections. 

Assorted hose clamps. 

Assorted copper-asbostos gaskets and packings for popular cars. 
Spark plugs, Briggs pipe, metric and S. A. £. standard. 

Dry batteries, 6 x 2^^ incli, and connecters. 

Aluminum solder and flux. 

Sheet celluloid for top windows. 

Primary aud secondary cables, terminals, etc. 

Circular loom, electrical tajio, insulating varuish. 

Bound and flat leather belts and lacings. 

Coil spring fan and oiler belts, couplings. 

Spring clips, oil and grease cups, compression relief cocks. 
Waste and cleaning cloths. 


Class C—CnBMXCAT.8, Paints, etc. 

Carbon tetrachloride, benxine, rust remover. 

Grain alcohol, white and orange shellac. 

Body polish, metal polish, varnish, black enamel. 

Black asphaltum paint, stove polish, exhaust pipe black. 

Pearl gray cylinder enamel, other colors as reeded. 

Aluminum powder and banana oil lacqxier. 

.Rubber cements, smooth-on for metal, glue for wood. 

Tidcum powder, borax, fuller’s earth. 

Putty, fire clay, asbestos cement. 

Kerosene, wood alcohol, gasoline, acetone. 

Paraffine wax, beeswax, tallow, resin. 

Proprietary welding, brazing and soldering fluxes. 

Calcium chloride and glycerine, for anti-freeze compounds. 

Wood alcohol, for antl-frccze compounds. 

Potash or lye, sabammonlac, washing soda. 

Muriatic acid (soldering fiuid), hydrofluoric acid (for marking tools). 
Copper .sulphate solution for coppering steel or iron before marking. . 
Sulphuric acid (chemically pure) and distilled water. 



CHAPTER TIT. 


OVKBHAULTNG THE GASOLINE ENGINE 

Tailing Down ilio Motor—^Examination and Marking of Parts—^Defects in 
GyHnders—Carbon Deposits, their Cause and l'reventioii*>-XJse of Carbon 
Scrapers—Denatured Alcohol—^Burning Out Carboa with Oxygen—How 
Oxygen is Produced—Repairing Scored Cylinders—flow to Repair 
Cracked Water Jacket—^Inspecting Cylinder Packings—Valve Removal 
and Inspection—Rcseatiug and Truing Valves—Valve Grinding Proc¬ 
esses—^Depreciation in Valve Operating System—Piston Troubles—Re¬ 
moving Piston Stuck in Combustion Chamber—Piston Ring Removal 
and Inspection—Fitting Piston Rings—How Wristpins are Held—Wrist- 
pin Wear—Usjieetion and Redttlug of Engine Bearings—^Adjusting 
Main Bearings—Crankpin Restoration—Scraping Brasses to Fit—Con¬ 
necting Rod Bearings—Testing Bearing Parallolisnj—^Ball Bearing 
Crankshafts—Camshafts and Timing Gears—V^alve Timing Methods— 
Sleeve Valvo Motors—Eight-Cylinder V Motors—Precautions in Re¬ 
assembling Parts—Loose Flywheels—Two-Cyclc Motors. 

Many car owners recognize the value of having the car over¬ 
hauled before the inception of the active riding season wlicn cli¬ 
matic conditions are not favorable to the continual operation of the 
ear. In those portions of the country where ears may be kept 
in operation all the year round, a certain time each year should be 
set apart for giving the car a thorough looking over with a view 
of determining the points where depreciation exists, and the best 
methods of remedying the defective condition. The wise motor¬ 
ist realizes *tiiat tliis work of restoration is absolutely ncce8sarJ^ 
if continued satisfactory service is to be expected from the car. 
The motorist who shuns the expense of having the machine looked 
over and who operates it as long as the various parts function, is 
generally the one w'ho is loudest in the condemnation of the auto¬ 
mobile. In this chapter,•the writer proposes to discuss the various 
steps incidental to overhauling gasoline engines of various types 
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ami in order to do this m a way that will bo of value to the motor¬ 
ist or novice repairmen it is necessary to treat of the various parts 
in logical scfiuence. The suggestions given are all based on a practi¬ 
cal experience with the repair of automobiles and nothing of 
doubtful value will be described. 

Taking Down the Motor.—In order to look over the parts 
of an engi)ie and to restore the w'om or defective components it is 
necessary to t«nke the engine entirely apart as it is only when the 
power plant is tlioroughly dismantled that the parts can he in- 
spccte<i or measured to clcterminc defects or w'ear. If one is not 
familiar with the engine to he, iaspected, even though the work 
is done by a repairman of experience, it will be found of value 
to take certain precautions when dismantling tluf engine in order 
to insure that all purls will be replaced iu tiie same position they 
occupied befoim removal. There are a number of ways of identi¬ 
fying the parts, one of the simplest and sun^st being to mark them 
with steel numbers or letters or with a series of center punch marks 
in order to retain the p)‘oi>er relation when reasscuibllng. This 
is of special importance in connection with dismantling multiple 
cylinder engines as it is vital that pistons, piston rings, connecting 
rods, valves, juid other cylinder parts be always replaced in the 
same cylinder from which they were removed, because it is uneom- 
luon to find equal dopreeiation in all cylinders. Some repairmen 
use small .shipping tags to identify the pieces. This can bo criticized 
because Ihe tags may become detached and lost and the identity of 
the piece mistaken. If tlie repairing is being done iu a shop where 
other cal’s of the same make are being worked on, the repairman 
should be provided with a large chest fitted with a lock and key 
in w'hich all of the smaller parts, such as rods, Ijolts and nuts, 
valves, gears^ valve springs, camshafts, etc., may be stored to pre¬ 
vent the possibility of confusion with similar members of otlier 
cars. All parts should he thorongldy cleaned with gasoline or 
in the potash kettle as removed, and wiped clean and dry. This 
is ncHJOssary to show wear which will be evidenced by easily identi¬ 
fied indications in cases where the machine has been, used for a 
time, but in others, the <leterioratioii can only be detected by deli¬ 
cate measunngjnstmmontR. 
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Steys in Dismantling Motor 

A typical tour cylinder automobile motor is shown at Fig. 88, 
with all parts in place. In taking down a motor the smaJlei’ parts 
and fittings such as spark plugs, manifolds and wiring should be 
removed first. Then the more important members such as cylinders 
may be removed from the crankcase to give access to the interior 



Fig. 88.—View of Typical Four Cylinder Automobile Power Plant. 


and make possible the examination of the pistons, rings and con¬ 
necting rods. After the cylinders are removed the next operation 
is. to disconnect the connecting rods from the cranksliaft and to 
remove them and the pistons attached as a niiit. Tlxen the crank¬ 
case is dismembered, injncBSt eases by removiug the bottom plate, 
thus exposing the main bearings and crankshaft. The fii'st opera¬ 
tion-is the removal of the inlet and exhaust manifolds, next one 
uncouples the water piping from the radiator. Tliere are various 






188 Automobile Repairing Made Easy 

methods of fastoning mamfolds on the cylinder casting, the most 
common being by retaining stirrups as shown in engine at Fig- 
88, or by flanges and bolts as outlined in illustrations ot* engines 
at Fig. S9. Aft will be evident, where cylinders are of the T-head 
form with valves on opposite sides of the cyluider ea.sting, the 
boll and flange system is generally used. On L-heiid motors, whor(‘ 
the vaivoa are in the same e-vtension of the cylinder casting, the 
bolt and stirmp retention method is generally followed. One inay 
safely say tliat engines of low and moderate priced cars, being of 
the Ij-iiead form will have the manifold retained by stirrups and 
bolt‘d, whereas the T-bead jmwor plant of the larger and higher 
priced cars will use the l)olted manifold cx>n8truction. 

ft is now common praetice to cast all cylinders together, blocks 
of four being very comm(»u and blor-ks of six are not rare enough 
tf‘ cause comment. In some cases the manifolds are cored integral 
w’itli the cylinder casting and it is merely necessary to remove 
a short pipe leading from tlie carb\iri‘t()r to 07je inlet opening and 
the exhaust pipe from the outlet oj>cning common to all cylinders. 
Ill order to r(?movo the carburetor it is necessary to shut olf 
the gasoUiK* supply at the tank and to remove the pijje coupling 
at the float chamber. It is also necessary to dis<;oimeet the throttle 
operating rod. After the cylinders arc removed and before taking, 
the crankcase ajiart it ivS well to remove the water pnmp, magneto, 
and. mechanical oiler if that system of lubrication is used. The 
wiring on most engiiicH of modern develojimont is carrunl in con¬ 
duits and usually. releasing tw'o or three minor fast<mings will 
permit one to take off the plug wiring as a unit. The wire should be 
disconnected from both spark plugs and magneto distributor be¬ 
fore its removal. The appearance of the engine shown at the 
bottom of Fig. 89, after the magneto ignition wiring, spark plugs. 
anc[ front of timing gear ease are removed is shown at Fig. 91^ A* 
The next operation in dismantling this engine is to take off tlm 
four nuts holding the induction manifold to the cylinder eastings 
and w'feon tlie manifold is removed the cfirbiiretbr comes with it. 
Tbo appearance of the engine after tliis has been done U abown 
\t Fig. 91, B. The next parts to be taken the cylinder eastings, 
ire shown shaded in this view. The appearance of this engine after. 
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Hg. 88.>—Bzbaust and Intake Bides of I<ocoiBol)Ue I'oiir Cylinder Motor. 
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Steps in Dismantling Motor 

le cylinders have been removed is clearly indicated at Fig. 92. 
!i Ibis case the magneto or water pump has not been disturbed. 

justons, pistoji rings, and connecting rods are clearly exposed 
Hid their condition may be readily noticed. 

Before disturbing the arraugeineut of the timing gears, it is 
inportant that these be marked so that they •will be replaced in 
•x.aolly the same PiOation as intended by tlie t'ligine designer, H 
!i<» gears are properly murkcfl the valve timing and magneto sc.t- 
ing will be undisturbed when the parts arc replaced after over- 
auling. When an engine has been taken down to tlie point shown 
it Fig. 92, it is possible to ascertain if there is any \mduo wear 
resent in the conuooting rod bearings at either the wrist x>in or 
rank pin ends and also to form some ub-a of the amount of carbon 
Icposil.s on tbo piston top and back of the piston rings. Any wear 
f tlie timing gears can also be determined. The removal of tlm 
>ottom plate of tlie engine enables the repainnan to s<^e if the 
ain bearings are worn nnduly. Often bearings may be taken up 
ulTfieicntJ^' to eliminate all Iwscness. Tu other cases tiioy may be 
vorn enougli so that carcfnl refittiug will be necussaiy. 

All engines are not t)f the typo shown at Figs. 88 and 89. Wliere 
lie crankcase is divided horizontally int<» two portions, the upper 
lie serving as on engine base to which the irylindcrs and in fact 
ill important working parts are altached, the lower portion, per- 
onns the functions of an oil container and cover for the iTiternal 
nechanism. There is a tendency on the part of modern dcsignei*s 
0 combine the cylinders and a portion, of the crankca»j in one 
asting, using a detachable cylinder liead construeth.n in order to 
lermit valve grinding and carbon removal without taking the engine 
lut of tlie chassis frame. The eonnccting rods and pistons may 
ilso be removed whore this construction is followed through the 
ipeuing left after tlie detachable cylinder head is removed. In 
he engine shown, at Fig. 93, not only the cylinders but practically 
■he entire engine crankcase, except for the plate closing the hot- 
■om is cast in one unit. It will be evident that the removal of 
ho bottom plate and cylinder head will provide access to the 
nterior of tlie motor. Attention is directed to the inlet manifold 
nstruction which is cored in the cylinder block. The exhaust 
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Fig. Ol.—XUuatratlng Steps in Bemovlng Motor Farts when Dianuinilins 

Powef Plant, 


manifold however, is a separate casting secured to the <!jylinile 
block ill the usual way. • , . 

The important parts of an engine of the conventional fou 
cylinder pattern where the cylinders are cast in pairs are clearl; 



















Ste 2 )s in DkmantUng Motor iy» 

sliowli at Fig. 04, and their appearance may be readily noted, 
it will be evident that when the bottom of the crankcase is removed 
the crankshaft is exposed and the main hctariiig caps may bo re¬ 
leased by unscrewing the bearing cap retention bolts. A noml>er 
of parts of typical engines are also indicated at h'ig. 95. The 
view at A, shows the appearance of the usual arrangeniejil of the 



Fig. d2.^View of AiitomobUe Engine with OyUndeis Betnoved to Expose 
Pistons and Connecting Bod and with Timing Gear Case Taken Off 
to Expose Gearing. 


timihg gears when cylinders of the T-hcad form are employed. 
As will be apparent one largo gear is carried by each camshaft, 
those baihg tiarued by a pinion of half their size on the crankshaft. 
The method of retaining the timing gear varies with the con¬ 
struction of the engine. In the form sliown'at A, the gears ar(i 
lield on the flanged camshaft end by three square Jiead cap screw's 
which are. wred together to prevent loosening. In the construc¬ 
tion shown at Fig. 92, the camshaft gears are securely held by four 






•S^- V-.-- 


I «1M * ' . 

194 Automobile liepairing Made Easy 

castellated retention nuU which screw on studs projecting from 
the camshaft flange end. The smaller geni*s, such as the magneto 
drive and pump drive arc usually held hy a key which is set into 
a taper shaft and the pmrs are tightly clamped on the taper hy 
snbstantirtl clamping nuts. 



Fig. 9S.~^End Sectional View of Lewis Six Cylinder Motor Showing 
‘Onconventlonal Construction In Which Cylinders and Cfirank Oaee 
ato Fonned ZntegraL 
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Attention .has been previously called to the necessity of/mark¬ 
ing the timing gears. The manner in which this can be done is 
clearly indicated at Kig. 95, B. It will bo seen that the crank¬ 
shaft gear is provided with two figures, “1^* and opposite cer- 




Ihg. 95.—Showing Method of Marking Tlmliig Oeani and Group of 

Miscellaneous Motor Parts. 

tain teeth. The camshaft drive gear is provided with a numeral 1 
to indicate the space, that the tooth marked 1 on the crahksliaft gear 
should occupy. Similarly the intermediate gear which transmits 
motion to the magneto drive gear is marked with a 2 and 3 which 
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tlioulcl correspond to the corresponding numerals on the crauk- 
sh.'ift gear and member driving the magneto armature. At C, 
I'Mg. is shown a group of the important internal parts of tlie 
(■ogiiie. These are plainly marked and should be readily recognized 
by even the novice. At Vig, 95, T), a typical piston and connecting 
rod assimildy is depicted. Tn this view, the parts are also identified 
^ind further description is imneeessary. 



rig. 96.^Lower Portion of Engiue Base Beoioved to SJ.ow Crankshaft 

and AccesalhiUty of Main Bearings. 


Tlie illustration at Fig. 96, is that of the crankcase SliowTi at 
Fig. 92, as it looks when viewed from the bottom after the lower 
portion of the crankcase has been removed. As will be apparent, 
the main bearing caps that hold the crankshaft in place may 
bo released by taking olf the retention nnts and the connecting 
rod bearing caps which keep these members attached to tUo crank 
^ina are also exposed for inspection. 

In some multiple cylinder engines the cylinders are cast indi¬ 
vidually and instead of the crankshaft having three main bearings, 
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as in the engine shown at Fig. 96, it has five main hearings as 
indicated in the sectional view of the Overland engine shown 
at Fig, 97. 'When the cylinders are cast individually it is possible 
to replace a defective cylinder without sacrificing the remainder as 
is irnperativo if the cylinders arc cast in block. Individual cylinders 



Tig. 07.—liongltodlnal Sectional View of OvexUnd Four Cylinder Motor, 
a !^e Having Individual Cylinder Castings and a Five Bearing 
Crankshaft. 


• 

are more easily handled, but where these are used it is absolutely 
necessary to mark them so that they will always be replaced in 
proper position. In moat cases, the cylinders are duplicates of 
each other and if they Were not marked it would not be difficult 
,to transpose them on the engine base, kn undesirable proceeding. 

In order to* familiarize the motorist or novice repairman with 
engine eonslrnction a side sectional view of a typical power plant 
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D) the position it occupies in the car frame is shown at Fig. 98, 
wiiile a front sectional view is shown at Fig. 99: This engine is a 
four cylinder T-head form and is the same as that outlined in illus¬ 
trations at Fig. 90, which clearly indicate the cxlcmal appearance 
the power plant. The various important parts are indicated 
and should be easily identified when working on engiiw^s of this 
^ypo. One of the most widely used of automobile power plants 



Fiff. 98.—Longitudinal Sectional View of Locomobile Four Cylinder 
Motor Which Has Cylinders Oast in Fairs and a Three Bearing 
Crankshaft. 

and one that ])n\cticaUy all repairmen will have occasion to work 
on at some time or other oiving to the thousands in nao in all 
parts of the world is that employed on the Ford Model T-autorno- 
bile. This power plant is shown in part sectional view at Fig. 
100. It is a unit power pl^ut, as the planetary change speed gear¬ 
ing is carried in un extension of the engine crankcase. The four 
cylinders and upper portion of the crankcase are east as a unit. 
The cylinder head is removable. Oho of the novelties of construe- 
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tion in this motor is the use of a fiywheel magneto, the balance 
member carrying a scries of U-sbaped magnets ^hich revolve past 
a series of fixed field coils attached to a plate whicli does not 
rotate on account of being bolted to the engine crankcase. The 
general construction of the engine may be readily ascertained 
by careful inspection of the illustration. 

Defects in Cylinders.—After the cylinders have been removed, 
and stripped of all fittings, tliey should be thoroughly cleaned and 
then carefully examined for the defects enumerated at Fig. 101. 
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Fig. 09.—Front Sectional View of LocomebUe Four Cylinder Motor. 
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Defects m Cylinders 

The interior or bore should be looked at with a view of finding 
score marks, grooves, cuts or scratches in the interior, because there 
are many faults that may be ascribed to depreciation at this point. 
The cylinder bore may be worn out of round, which can only be 
determined by measuring with an internal caliper or dial indicator 
even if tlie cylinder hore show^s no sign of wear. The flange at the 
bottom of the cylinder by wliich it is hold to tJio engine base may 
be cracked. Tlie water jacket wall may have opened up due to 
freezing of the jacket water at some time or other or it may be 
filled with scale and sediment due to the use of ijiipure cooling 
water. The valve sent may be scor4'(l or pitted, w^hile tlie threads 
holding the valve chamber cap may be worn so that the cap will 
not be a tight fit. Tlie oylimlor desco'ibed is an individual casting 
of the lj-hoa4i form having integrally cast water jacket. 

Other fonns of unit eyliiidens have been evolved, one of the 
most w’idely used being that cf the four cylinder (’adillac engines, 
which is shown at h'ig. 102. This incorporates several novelties 
in construction, one being tlio applied sheet coj)per water jacket, 
the other being the detachable cylinder head casting which is 
screwed dowui against the top of the copper water jacket and held 
in place on tlie cylinder by an externally threaded close nipple. 
The advantages that were claimed for this construction are easy 
replacement of one defective cylinder assembly part without scrap¬ 
ing the rest. For example, when the cylinder construction shown 
at Fig. 101 is used, if the cylinder bore is badly scored, the entire 
casting must be thrown away, even though tlie water jacket, com¬ 
bustion and valve chambers are in perfect condition. With the’ 
Cadillac construction, should the water jacket be faulty it is impos¬ 
sible to repair this easily owing to the material employed or to 
replace it if repairs are not practical. If the cylinder should be 
scored, the wat^r jacket and combustion head may be saved and a 
new cylinder casting purchased at considerably less cost than that 
of the complete unit cylinder. 

Many motors have been made by the Knox Company, using 
individually cast cylinders of the form shown in section at Fig. 
103, A, and completely assembled at B, in one view and witii 
feyliader head removed in the other. This deticlmblo head con- 
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slruction necessary on account of having the valves seat directly 
Against Hat scatiugs machined in the head casting. The head cast- 
ingf is provided 'witll its own water jacket, as is the cylinder, con¬ 
nections being made between tlxe two l>y a short bent pipe held 
in place by the same stirrup member that hohis the manifold to 
the cylinder. The dctnchalde head constntclion makes it possible 
to remove that member anil obtain reiniy access to the )>iston top.s 
for scraping out earbon without taking the main cylinder portion 
from tlie crankcase. AVlien the valves* need grinding the head may 
b(‘ removed and carried to the beneli where the work may he per¬ 
formed with absolute assurance that none of the valve griuduig 
cmii[>ound will penetrate into the interior of tlie cylinder as is 
hometinies uiiavoiilable with the Jj*liead eylijuhr shown at Kig. 
’101, »)i' the T-hcad form outlined at Fig. 00, iu which tln^ valve 
.seatings arc in pockets east integrally with thy cylinder. 

Tile detachable head construction has oidy recently become 
popular, though it was one of the earliest forms of automobile en¬ 
gine construction. In the early days it was difficult to procure 
gaskets or packings that W’ould be both ga.s and water tight. The 
sheet asliestos connnonly used was too soft and blew out readily, 
lesidcs a new* gasket liad to be made every time tlic cylinder head 
was removed. Woven wire and asbestos packings impregnated 
with Rubber, red lead, graphite and other filling materials were 
more satisfactory than the soft sheet asbestos but were prone to 
burn out if the water supply became low. Materials such as sheet 
copper ot brass proved to be too hard to form a sufficiently yield¬ 
ing packing medium that would allow for t'le inevitable slight 
inaccuracies in machining the cylinder head and cylinder. The 
invention of the copper-asbestos gasket, which is composed of two 
sheets of very thin, soft copper bound together by a thin edging 
•f the same material and having a piece of sheet asbestos iuter- 
p'osed solved this problem. One of the first engines to use the de¬ 
tachable cylinder head piece was the Ford, and at Ihe time it was 
^first introduced it was met with considerable criticism on the part 
of automobile engineers. • That this proved unfounded and based 
on personal prejudice hj clearly demonstrated at tliis time by the 
Vwide use of the detachable bead construction. Copper-asbestos 
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Fig. 101.—Sectional View of AutomobUe Engine Cylinder, Showing 
Defects that Will Beduce En^ne Efficiency* 


packings form an effective seal against leakage of water and a 
positive retention means for keeping the explosion pressure in the 
cylinder. 

The great advantage of the detachable head is that it permits of 
very easy inspection of the piston tops and eombu-stion chamhetf'* 
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interiors which can only be done with cylbiders of the L, or T, form 
by removing the cylinder from the engine base. Tw’o form of 
removable cylinder heads are shown at Fi'g. 104. .'I'hey ai-e similar 
in design and utilize the same form of gasket, the only difference 
being tliat the typo 
sliowu at A, serves two 
eylindors while the one 
outlined at B, covers 
the Tour cylinders. 

Tiie cojistruetion at A, 
is used on the Oakland 
irar while that at B, is 
found on fbe Ford, 

Metz, Uegal, (.-arter- 
ear. Maxwell, Oakland 
and sovorol others. 

The cylinder heads 
are securely held by 
substantial roteution 
Ijolts and if these are 
properly lightened and 
<]je gasket is in good 
eoudilion there is not 
likely to bo any loss in 
pressure due to leak¬ 
age. One of the most important things to look for when the cylin- 
tier has bt?en removed or the cylinder head taken off, if that method 
o£ construction's followed, is carbon dcposiU These accumulate 
at the various points iudicated at Fig. 105, namely the piston top, 

valves, around the spark plug and at several points in the com- 
0 

bastion chamber. 
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Tig. 102.—Cylinder of Cadillac Four Cylinder 
Motor Using Applied Copper Water Jacket. 


Carbon Depoaitsi Their Cause and Prevention,—Most authori¬ 
ties agree that carbon is the result of imperfect combustion of the 
fuel and air mixture as well as the use of lubricating oils of im- 
])roper flash point. Imbrieatmg oils that work by the piston rings 
may become decomposed by the great heat in the combustion 
chamber but at the same time one cannot blame the lubricating 
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Fi^ 103.*~Vlew8 OuUining Construction of Knox Detacbabie Head Motor Cylinder. 
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oil for all of the carbon deposits. There is little reason to suspect 
that pure potroleiun oil ol‘ pvf)per body will deposit excessive 
atnonnts of carbon, thouffh if the o>l contains a rcsinovm or animal 
i'at filler there would be nnicb carbon left in the interior of the 
( onibustion chamber. Fuel mixtures that are to rich in gasoline 
also produce these iuide.sirable accumulations. 

^ A v(‘ry interesting ehcmical analysis of a sample of oarbtm 
scraped fj’oni the interior of a motor vehicle engine shows that 
ordinarily the lubricant is not as mueh to blame as is commonly 
supposed. The analysis wfis as follows: 


Oil . 14.3% 

Otiu'f (tonibuHliblc irinttor. 17.9 

Hainl, clay, cu;. 2-1.s 

Jron Oi'idc . 

CarbunHlti ot' iiuie . 8.9 

Other constituents . 9.0 


It is extremely ]>robablc that the above eonld be divided into 
two general ela.sses, these being approximately 32.2% oil and com¬ 
bustible matter and a much larger j)roportioii oi* 67.S% of earthy 
matter. The pn;si?nce of such a large percentage of earthy matter 
is undoubtedly due. to tlie imparities in the aij*, such as road dust 
winch has been sucked in through the carbureloi’. The fact that 
over 17% of the matter whioli is combustible was not of an oily 
nature lends strong suppoi’t to this view', while the ratios of the 
constituents of the iucombusliblc material to one another is very 
^nearly what would be expected in debris from ■•edinary macadam 
roads. If one assumes that half of the combustible matter, not of 
oily derivation, comes from the road dust and that one-lifth of the 
oxide v)f iron also arises fmu this spucce, the approximate composi¬ 
tion of this cylinder deposit may be expressed as follows: 


Beaidual matter from oil...'..23% 

Jron dust dno to friction in cylinder...20 

Bond duxt .:. 57 


It will be evident that JuUy 50% of this deposit can be attrib¬ 
uted to the ordinary dust of the highway and not to excessive fuel 
%r an impure grade of lubricating oil. While it is imperalivo to 
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there would still be eonsidcrjible deposit as the result of Uic im¬ 
purities drawn in through the carbui'(5tor. It is very good praeliec 
to provide a sci’een on the air intake to reduec* the amouuts i>t‘ dust 
sucked in with the air ns well ns observing the pro[)er [>rccautioii8. 
relative to supplying the proper quantities of air to the mixture 
and of not using any ino!*e oil tiiaii is needed to insure proper lubri- 
eation of tlio inlornat lueehanism. 

Use of Carbon Scrapers.—it is not unusnal for one to hear an 
automobile driver complain that the ear he drives is in>t as respon¬ 
sive as it was when 
new after he lias run 
it hut very few 
months. There does 
not MMun to h(^ any- 
tJiing actually wrong 
with the ear. yet it 
does not ros]joiid reail- 
ily to the thridih! and 
is apt to overheat. 

While these .symptoms 
denote a rundown con- 
diliuJi of the ineclian- 
ism, the trouble is 
often due to nothing 
more serious tlian ac¬ 
cumulations of carlion. 

The remi'dy is the re¬ 
moval of this matter 
out of place. While 

the surest way of cleaning the inside of the motor thoroughly 
is to remove the cylinders, if these members are cast integrally 
with the head or of removing the head member if that is a 
separate casting, to expose all parts, there are other methods that 
have been reeoraniended that may be depended on. to reduce the 
amount of carbon deposits. A number of carbon solvents of a 
^secret composition have been offered which may be introduced into 
the cylinder through the spark plug openings or valve cap holes 



Fig. 105.—Sectional \ lew of Upper Portion 
of Cylinder Showing Point Where Car¬ 
bon Deposits Accumulate. 




1^10 Automobile Eepairhtg Made Easy 

that are saiil to softon tho accumulation, and permit it to bo blown 
out throufrh tlio oxhaust wlion the enjriiic is again started after 
the uinterial is \iscd. The writer believes that tlierc is more or 
less *‘fake^’ about these compositions as ehornieal anal.ysis of some 
lias disclosed the coiuposition, which on careful study of cause and 



rig. 106.—Outlining Use of Scrapers in Removing Carbon Deposit froln 

Combustion Chamber Interior. 

t’ffect, does not seem to justify all the claims made for them by the 
enthusiastic advertising men responsible for their promotion. One 
widely advertised carbon remover of lifjuid form was found to be 
composed largely of acetone. Another was practically deodorized 
kerosene and denatured alcohol mixture. Another of granulated | 
form was discovered to be practically common salt. There is no 



Removing Carbon Deposits. 

question in the writer’s mind but tiiat a solvent like acetone would 
soften carbon deposit enough so it could be readily removed by 
scraping. The method of using the solvent is to bring the piston 
in the cylinder to be cleaned up to the end of its compression 
stroke at which time both valves are closed and to pour in a definite 
quantity of the solvent through a valve cap or spark plug opening, 
'i'his operation is outlined at Kig. 106, A. After the liquid has been 
allowed to soak thoroughly into the carbon deposits for periods 
varying from two to six hours it is drawn out of the cylinder by 
means of a syringe as shown at Fig. 106, B. When the engine is 
started after all cylinders have been treated in turn the exhaust 
will be very smoky and filled with carbon partieles, this indicating 
that considerable q\iantities of the carbon has been dissolved. This 
treatment is not always successful, as it would be more apt to re¬ 
move the soluble carbon, as is due from burnt lubricating oil, or 
rich mixture than it would be to act upon the earthy material tliat 
the chemical analysis sliows, exists in the deposits. 

In certain forms of cylinders, especially tliose of the L, or T 
form, it is possible to introduce simple scrapers down through the 
valve chamber cap liolcs and through the spark plug hole if this 
component is placed in the cylinder in some position that com¬ 
municates directly to the interior of the cylinder or to the piston 
top. This method is particularly applicable to engines having 
valves on opposite sides, namely those employing cylinders of the 
T form. No claim can he made for originality or novelty of this 
process as it has been used for many years on large stationary en¬ 
gines. The first step is to dismantle the inlet and exhaust piping 
and remove the valve caps and valves, although if the deposit is not 
extremely hard or present in large quantities one can often ma¬ 
nipulate tlio scrapers in the valve cap openings without removing 
either the piping or the valves. Commencing with the first cylinder, 
the starting crank is turned till the piston is at the top of its stroke, 
then the scraper may be inserted, as indicated at Fig. 106, C, and 
the operation of removing the carbon started by drawing the tool 
toward the opening. As,this is similar to a small hoe, the cutting 
edge will loosen, some of the carbon and will draw it toward the 
opening. A swab is made of a piece of cloth or waste fastened at 
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the end of a vire and well soaked in keiasene to eleaii out the 
cylinder. When tJje engiiic is of a T-head type and the valves are 
removed it is possible to introduce a ball of waste at one part and 
push it clear througli the cylinder and out of tlie other valve port, 
this bringing niueh loosened carbon out with it. 



Fig. 107.—How Ozygeu May be Used to Remove Carbon by a Combus* 

tlon Process. 


When available, an electric motor with a length of flexible shaft 
and a small eircnlar cleaning brush liaving wire bristles can be 
used in the interior of tlie engine. The electric motor need not be 
over oiie-eiglith horsepower running at 1,200 to 1,600 II. P. M., and 
the wire brush must, of course, be oP such size that it can bo easily 
inseriod tJirough the valve chamber cap. The flexible shaft permits 
one to roach nearly all parts of the cylinder interior without diffi¬ 
culty and the spreading <)\it and flattening of the brush insures that 
considerable surface will be covered by thfit nieiubcr. 
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While the carbon scrapers may be easily made by any mechanic, 
patented forms arc available at small cost which have advantages 
worthy of consideration. The totd shown at Pig. 106, D, is known 
as VaiPs carbon scrapci* and ■was designed for use in any T, or 
Tj, head motor by re¬ 
moving the valve caps 
and turning tlie motor 
over until the piston 
comes to the top c<*n- 
ter. Tlio scraper is 
llieu inserted hi a 
closed condition 
tlirongh either valve 
port and after it is 
iiLside the combustioTi 
e.hamlier the e^paiid- 
ing ])ar may he pulled 
hack and the scraper 
blades will spread 
enough to conform to 
the .size of the tiring 
chamber. Moving the 
scraper vigorously 
hack and forth and 
around tho side wall 
for a few minutes 
loosens the carbon d(‘- 
posit. When this has 
been done all carbon should be scraped into the valve chamber 
with the closed scraper end and either apnoiied out with that mem¬ 
ber or blown out with compressed air. A soft cloth saturated with 
kerosene is then placed between the blades of the scraper, turning 
that member into a mop and if reinserted into the cylinder will 
remove any of the fine pari ides of carbon wdiieli miglit be left 
therein. The device is made of high grade spring steel with hard¬ 
ened cutting bl.ados and has a considerable degree of flexibility. 
Still another form of flexible carbon scraper is shown at E, this 



Fig. 108.—Simple Oxygen Generator. 
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consisting of a flexible steel blade Imviug a sharp hoe shaped end 
■wrhich is inserted through the valve cap opening and used in the 
manner indicated in the illustration. 

Use of Denatured Alcohol in Removing Carbon,—In a paper 
read before tlie National Gas Engine Association, Joseph A. 
Anglada described the use of denatured alcohol as a solvent for 
removing the carbon deposits from the combustion chamber of 
explosive motors. The trials were made with single cylinder* 
horizontal engines but there is no reason to doubt that equally as 
good results could be obtained in automobile power plants. The 
operation is described as follows: 

Both of these engines wore operated under a load applied by 
pressing a wooden lever against the fly wheel until the temperature 
of the jackets warmed to about one hundred and fifty degrees 
Fahrenheit, The engines were tlion stopped with tlie piston at 
the head end of tho compression stroke. Both valves w’cre closed. 
The compression space of each cylinder was then filled with Pyro* 
denatured alcohol, which in the case of the International Harvester 
engine was left to soak for six hours and in the case of the Jacobson 
engine, about three and one-half hours. It was found that the 
exhaust valve of the Internationa! Harvester engine did not seat 
properly, because when the alcohol was first put in this engine it 
leaked past the exhaust valve. This leak, however, soon stopped, 
probably due to the alcohol washing away whatever foreign matter 
was lodged betw'cen the valve and its seat. 

At the end of tliese periods, both engines were CTanke<l by 
hand for a few revolutions and then started in the usual way, on , 
gasoline. The exhaust in botli instances, when the engine was 
started, contained a large quantity of black smoke and upon open¬ 
ing tho compressed relief cock of each engine a bombardment of 
small incandescent particles of carbon was seen and felt on each 
firing stroke, showing that the alcohol had loosened the carbon 
deposits in these engines. In each case some of the alcohol leaked 
past the piston into the crank case, showing that the piston rings 
were nof liquid tight. In tills connectiot^ it is advisable to note that 
almost invariably lubricating oil will ctdlect in tho piston ring 
grooves where it becomes partially solidified in the form of a 
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gummy material of sufficient strength to prevent the proper opera¬ 
tion of the piston rings. The result is that the lubricating oil 
which is fed to the cylinder is called upon in a very large measure 
to aasist the piston rings in making a gas-tight joint with the 
cylinder wall. Wlien denatured alcohol is introduced into tlie 
cylindc?r in sufficient quantity, it will dissolve the gummy deposit 
and permit the piston rings to slide freely in their grooves and 
thus fit themselves more perfectly to the cylinder walls. That 
this occurs has been proven by tests on a nnmher of’automobile 
motors which after treatment with denatured alcohol have .shown 
an increase in power as well as iu flexibility. 

From a very complete series of experiments conducted with 
automobile motors which had been in service for different lengthy 
periods of lime, in addition to experirnenls conducted with a few 
marine and stationary motors, I have arrived at the following 
concl usions: 

(1) Denatured alcohol is an efficient decarbonizer for all types 
of gasoline engines. 

(2) It does not injuriously affect the surfaces of the metals 
with wdiich it comes in contact. 

(3) Heat is not necessary when using denatured alcohol as a 
decarbonizer. 

(4) Heat accelerates the action of denatured alcohol when used 
as a decarbonizer, 

(5) Denatured alcohol when introduced in the combustion 
space of au automobile cylinder which is at the working tempera¬ 
ture of the engines will loosen the carbon dc] osits so as to permit 
the depasit to become separated from the walls of the combustion 
space and pass out of the cylinder with the exhaust gases when 
the engine is run. 

(6) The best results from the use of denatured alcohol, a 
carbon remover, are obtained when the combustion space of a hot 
engine is entirely filled with liquid denatured alcohol and per¬ 
mitted to soak for a period of not less than six hours. 

(7) Denatured alcol^)! will act as a carbon remover when the 
engine is cold, provided the li<iuid denatured alcohol is in contact 
with the carbon covered surfaces. The action of denatured alcohol 
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uiifier those conditions is about half as rapid as when the engine 
is liot. 

(8) The action of denatured alcohol as a carbon remover when 
introduced in small quantities into the combustion space of a 
cold automobile enirinc! is positive, but slow. 

(9) 'Whore the fit between the piston rings and cylinder walls 
is iuiperfoet, denatured alcohol will leak past the pistons into the 
crank case and cause the oil in the crank caw*- to become unfit for 
use for lubricating the engine. However, when a suflLcicnt amount 
of denatured alcohol has been added to tliis oil and circuialed 
througli the lubricating system of the motor for a very short time, 
in onliT to obviate the possibility of damaging the wearing sur- 
fjices of the engine, d<*natured alcohol acts as a cleansing agent, as 
evidenced by tlic unusual amount of foreign maiter wiclulrawn 
with the denalupt^d alcohol treated <»il and the .subsequent improved 
action of the engine. 

(10) Due to the cleansing action of denaturtvi alcolml as noted 
in the preceding conclusions, an engine which has been in service 
for an p\t(!nsiv() period will show a marked increase in operating 
efficiency wh(*n lliorougbly treat(*d with denatured alcohol. 

(11) Tt is advisable to introduce, in the matter noted in the 
experiments, from tv;o to four ounces of denatured alcohol (de- 
ponding upon llie size of the cylinders) into each cylinder of an 
eiighie, at intervals of about throe days, in order to keep the 
cylinders freed from carbon deposits. 

Burning Out Carbon with Oxygen.—A process of recent cle- 
veloi>nM‘nt that, gives very good results in lemoving carbon with¬ 
out disassembling tlie motor depends o)i the process of burning 
out that material by supplying oxygon to support the combustion 
and to make it energetic. A iiiimbci’ of concerns are already 
offering apparatus to accomplish this w(»rk, and in fact any 
garage using an autogenous welding outfit may use tho oxygen 
tank and reducing valve in connection with a simple special torch 
for burning the carbon. Results have demonstrated that there 
is little danger of damaging the )notor •parts, and that the cost 
of oxygen and labor is much lower than the old method of re- 
; moving tho cylinders and scraping the carbon out, as well as 
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belnpr very itiucIi quicker tiian tlie altcruativo i>roccss of usin^ 
carbon solvent. The onjy drawback to tins Kystoni is that 1h«Tc 
is no absolute insurance that every particle of carlwu wdll be 
removed, as .small protruding particles may be left at points that 
the flame does not reach ajid cau.s<^ pre-igniliou and consc(iuent 
pounding, even after the oxygen trcatinonl. It is generally kianvii 
that carbon will burn in the jn’esoriec of oxygen, w'hich supports 
combustion of all materials, and this process takes advantage of 
this fact and causes the gas In be iujech'd into the combustion 
chainbev over a flame obtained by a niaie]\ or wax taper. 

it is suggested hy tliose favoring this process that the night 
before the oxygen is to he used that the (‘ngim he giv»*n a con¬ 
ventional keroseno treatment. A half tumhiep full of this liquid 
or of denntiircd alcohol is to be poured iuto eaeli cylinder and 
pennitled to miiain there over night. As a precaution against 
fire, the gasolim^ is shut off from the carburetor before the torrdi 
is ins(*rte(l in the cylinder and the motor started so the gasoline 
in the pipe and carburetor float, chamber will he consumed. "Work 
is done on one cylinder at a lime. A note of caution was recently 
sounded by a prominent spark plug iiianufa<tturcr rec(miniending 
that the igniter meml)cr bo removed from the cylinder in order 
not to injure it by llie heat developed. Thii outfits on the market 
consist of a si) 0 cial lorcli having a trigger controlled valve and a 
loiigtli of flexible tubing such as shown at Fig. 107, A, and a 
regulating vjilve and oxygen tank as shown at B. The gauge 
should bo made to register about twelve pounds pressure. 

The nictlmd of operation is very simple aud is outlined at C. 
The burner tube is placed in the cylinder and the trigger valve is 
opened and the oxygen permitted to circulate in tlie combustion 
chamber. A liglitcd match or wax taper is dropped in the cham¬ 
ber and the injector tube is moved around as much as possible 
so ns to cover a large area. The carbon takes fire and burns briskly 
in the presence of the oxygen. The combustion of the carbon is 
accompanied by sparks aud sometimes by flame if the deposit is 
of an oily nature. Once •the carbon begins to burn the conib\istion 
continues without interruption as long as the oxygen flows into 
the cylinder. Full instructions accompany each outfit and the 
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amount of pressure for which the regulator should be set depends 
upon the design of the torch and the amount of oxygen contained 
in the storage lank. 

How Oxygen Is Produced.—While the best results are ob¬ 
tained by the use of the proper burner and compressed oxygen 
tank, it is possible to generate oxygen liy very simple tnechanism, 
and for the ingenious repairman to extemporize a burner that will 
give fairly good results in removing Uie carbon. The simplest 
method of producing oxygen is by healing a mixture of potassium 
chlorate and manganese dioxide. iUthough oxygen may be pro< 
duced by lieating potas.sium chlorate alone, the combination of 
the manganese dioxitle acts as a stimulating agent which not only 
gives out oxygen, but which assists in breaking up the chlorate so 
that more of the gas will be evolved. At Fig. 108, A, an ex¬ 
tremely simple oxygen generator that can be made by any repair¬ 
man is outlined. The basis of the device consists of a 5 or 6-inch 
length of seamless iron pipe, one and one-half or two inches in 
diameter. The pipe is threaded at each end and standard pipe 
caps are fitted, one of these being drilled and tapped to receive 
a one-eighth inch brass pipe. This is bent in the form of an ell 
and a piece of flexible copper tubing is soldered into the end of 
the pipe. In order to operate this generator the unperforated 
cap is unscrewed and a mixture composed of two ounces of potas¬ 
sium chlorate and one tablespoonful of* manganese dioxide is placed 
in the pipe. The cap is screwed back in position and the flame 
of a blow torch is used to heat the bottom of the iron pipe. In a 
short period oxygen gas will issue from the end of the copper tube 
joined to the generator by rubber hose, which should be placed 
inside of the combustion chamber against the carbonized area. 
A lighted match or taper thrown into the cylinder will start com¬ 
bustion of the carbon. 

One of the latest forms of oxygen generator is shown at Fig. 
208, B. The feature is that the oxygen is evolved by heating a 
special cartridge by an alcohol burner. The oxygen gas passes 
tlirough a purifier ^vhich is provided with, a safety valve to prevent 
accumulation of excess pressure. The purifier is connected with 
the oxygen generating chamber by a one-way check valve which 
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permits the (*ns to flow into tbc purifier, but not rr<»m that meuiber 
into the generatiiifr chamber. The oartridjyCH or clnirgos weigh 
six ponnds and sell for OJie dollar apiece. A cupful of water is 
placed on lop of the cartridge to prevent the solder on that metn- 
hor from melting. When the flame pla 3 's on the bottom of the 
cartridge, which also acts as a generating chamber, the oxygen 
issues from the hole in the center into the imrifying chamber. 

Repairing Scored Cylinders.—/f the engine bus been run at 
any time without ‘adequate lubrication, one or more of the cylin¬ 
ders may be found to have vertical seruicbes running up and down 
the cylinder walls. Th<i depth of tlieso will vary according to the 
amount of time tlie cylinder was without lubrication, and if the 
grooves are very def?p the only remedy is to purchase a new 
member. Of eoiirso, if sulfleiont stock is available in the cylinder 
walls, the cylinders may be rebored and new jdstons W’hich are 
oversize, i.o., larger than standard, may be fitted. Where the 
scratches arc not deep tliej'’ maj* be ground out with a high speed 
emery wheel or lapped out if tliat Lyp(.‘ of machine is not availabh*. 
Wrist pins have been known to come loose, especially when those 
are ndaiiicd by set screws that are not i)roperly locked, and as 
wrist pins are usually of hardened steel it will be evident that 
the sliarp edge of that member tan act as a ciitliug tool and make 
a pronounced groove in the cylinder. CylhiAcrs that have been 
damaged in this manner have sometimes been repaired by the 
autogenous welding process, the oxy-acetylene flame being used 
to fuse new cast ii*oii into the groove, then gi nding out the ridge 
of excess material in order to obtain a smootli boro. Cylinder 
grinding is a job that retpim^s skilled meclianics, but may be 
accomplislied on any latlie fitted with an internal grinding altaeh- 
nient. 

When a car that has been used for a considerable length of 
time is overhauled it may be found that the cylinder bore will 
have worn enough so reboring will be necessary. The w^ear is 
commonly found about midway the length of the cylinder walls, 
as it is at this point that the connecting rod side thrust is greatest 
due to the angularity of that member. In order to remedy this 
defective condition some repairmen are content with merely fit- 
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'^Fig. 109.—Appliances foi Measuring Oylinder Bore to Detennlna Amount 

of Wear. 

ting new piston rings of slightly larger circumference, but this 
plan is not wholly satisfactory, because jf the rings are of suffi¬ 
ciently small diameter to enter the uuwom portion of the bore, 
when they spring out into the worn part there must exist too 
wide a gap at the slots. For this reason most mechanics prefer 
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to fit eilhor a new cylinder and piston or to reboro the cylinder 
and fit a larger piston with correspondingly larger rings. 

If the ear is an old one and it is not considered wise to spend 
the money necessary to restore the cylinder bore to correct shape* 
one can get considerably more service by a simi)]e expedient of 
maldng new piston rings with long stepped ends. In this case 
they will pass the smdler portions of the bore and expand suffi¬ 
ciently to fill the worn parts. As there is no gap between the ends, 
even when fully expanded, tlicre will f}c hut little loss of com- 
j)ression, such as iniglit be possible M’ith either butt joint or diag¬ 
onal cut rings imder the .same eoiulitious. One precaution is 
ewKintiai, however, and tJiat is to insure that fhc grooves arc of 
suflicicnl width to take step cut rings having substantial stops. 
If the piston ring.s are narrow, the ends are apt to snap off at the 
steps. If the grooves are turned out to a greater width, new piston 
rings must he made to lit. The compression is much iTni)roved and 
power is increased as the rings witli tlie long stepi»ed joint will 
follow Uk! worn bore, constricting as the bore is smaller and filling 
out us tlie wear iiieivases. 

It is not diflicuU to iticasnre the fxire to find out if the walls arc 
worn. Different calipers liave been devised for this purpose, soin<; 
of w’hich are illustrated at Dig. 101). These arc usually constructed 
on the muUii>Iying gauge principle so that the- sliglilesl inaccuracy 
will bo magnified at the dial. In the thwico shown at A, a lixc<l 
block, carriifs a standard on which is t'uUrumcd the indicating 
needle, D, Tliis indicating needle is in contae below the fulcrum 
with a plunger pin aftacliod to the movable block D, which is 
normally kept pressed out by tlie coil spring C. Tf any irregu¬ 
larities are present the block B indicates them by its movement, 
which is translated to the short arm of the indicating lever I), 
which is fulcrunit'd at B. Another form of indicator working on 
practically the same principle except that the indicating lever E 
is actuated by the plungers DD, is shown at B. The use of tho 
Ames Dial Indicator, carried by a special fixture for use in de¬ 
termining the truth of bore of automobile cylinders, is so clearly 
shown at Pig. 109 that it will not be necessary to mention the 
principle of operation any further than to state that the internal 
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iuef:luiiiis]u of the indicator jk such that the needle will indicate 
variations ot* loss than .001 inch. 

Where the ffrooves in Iho cylinder are not dcx*p or whore it haa 
viarped enou}^h so the rings do not hoar crjually at all parts of 
the cylinder hore, it is possiltle to obtain a fairly accurate d(;groc 
of finish by a lapping proc<’ss in wliich an old jjiston is <‘oated 
M’ith a mixture of fine (;niery and oil and is rcoipro(!atod up and 
down in the cyliiKlor as ■well as turned at the same time. This 
may be easily done by using a duiiiiny connecting rod having only 
it wrist pin en<l boss, and of su<*h size at the other end so that 
it can be lieUl in the c}m<*k of a drill ]>ress. The cylinder easting 
is fiiTiily c!amj)e.d mi the drill press Ijihle by .suitable clamping 
blocks, and a woo(b*n block is placed in the cornbustiou chamber 
to provide a stop for the piston at its lower oxtrenm posiliori. 
The back gears are put in and the drill chuck is revolved slowly. 
AM tlio while that the piston is turning tlie drill chuck should 
JjH raised up ajjU down by the hand feed lev»ir, as the best results 
are obtained w'hen the lapping member is given a combination of 
votary ami reciprocating motion. 

Kven if ]>o\\cr is not available, the repairman need not be dis¬ 
couraged. because very good results may bo obtained by hand 
Japping. Tlic same method is us<?d as for lapping by pow'Cr. The 
abrasive matm-ial i.s composed of very fine emery and light ma¬ 
chine oil, and is renewed from time to time and the cylinder elcaned 
out to rt'iiiovc the old lapping compound before any new mixture 
is introduced. A cylinder may be easily supported in a box of 
sand, as indicated, the compression relief pctcock in the top of 
the cylinder heing provided with a piece of rubber hose which 
jirojoets above tlic surface of the same, and ■which acts as a breather 
opeuing for escape of the air compressed by tlic downward stroke 
of the Jap. 

Where the cylinders aro cast in block, as is now common prac¬ 
tice on nearly all automobiles of recent development, it is not 
difficult to hold the cylinder block, as this is of sufficient size and 
weight to stand U])right on the bench without clamping it down. 
AVhile the writer has used this method in repair wmrk over ten 
years ngo, he wishes to acknowledge his indebtedness to Motor Age 
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for the clear illustrations used. The process of lapping is con¬ 
tinued until tlic entire interior of the cylinder is bright and clean 
and tile scratches practically removed. All abrasive material is 
then waslied out of the cylinder with gasoline and liic walls wiped 
dry with a soft cloth. 

How to Bepair Cracked Water Jacket.—I'he water jacket of 
a gas engine cylinder will .sometimes become ci*aoked due to fm z- 
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Fig. 110.—Oatlining Use of Dummy Piston and Connecting Bod for 
X»appiog Out Pine Scratches in Cylinder Bore. 

ing of the cooling water, or perhaps as a result of a sand or blow 
hole which opens up from vibration after the cylinder has been 
used awhile. At the present time the usual practice in repairing 
cylinders is to fill the depression or crack with iron hy the autoge¬ 
nous welding proce.ss, altjiongh various iron comenls may be used 
for that purpo^ if the fracture is not serious. A mechanical 
repair is always possible, i.e., a metal patch can be applied to 
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Fig. 1X1.—Metliod of ITsing Pipe Plug for Sealing Fine Oracks or Sand 

Holes in Cylinder Water Jacket. 

co^^er the crack and held in place against a gasket interposed be* 
tween the plate and the cylinder jackek by small machine screws 
tapped into the iron. Where only a small blow hole exists or a 
simali crack the mechanical method shown at Fig, 111 is possible. 
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This consists of drilling a hole of sufficient size to take a standard 
pipe plug either inch or inch, according to the size of the 
liole as shown at A. A pipe plug is screwed into the tapped hole 
as shown at D, and when it has been forced in place after coat¬ 
ing the threads with red lead and oil or pipe joint compound to 
insure a tight joint, the projecting portion of the plug may he 
cut off with a hacksaw as outlined at Fig. Ill, C, and the remain¬ 
ing portion of the plug filed flush with the optside of the water 
jacket. 

If the crack is of some IcJigth it may l)o repaired hy the fol¬ 
lowing method. On the line of the fracture, drill and tap for a 
^l-ineh threaded copper rod. This rod is screwed in firmly to a 
<lepth about cfiual to the thickness of the metal of the water jacket. 
Cut off the copper rod with a hacksaw, allowing it to project about 
%2 inch; then drill succeeding holes, each hole being drilled partly 
into the previously inserted copper plug, so that when all of the 
plugs arc placed in the cylinder casting, they form a continuous 
hand of copper along the line of the fracture. The copper plugs 
should LOW be pecned down and trimmed off flush. The only 
possible chance for leakage, after having ro])aired the crack in 
this manner, is for the water to follow the joint between the metal 
of the jacket ami the copper plugs, hut as the co}>i»er rods are 
tlireadcd into the casting, it is not likely to occur. Sliould leakage 
take place, a little extra peening will suffice to prevent it. 

Still another method involves fusing copper filings or granu¬ 
lated brass spelter into the crack, Tliis has th.e advantage of not 
requiring the removal of the part to be repain d. Drill and tap a 
small hole at each end of the crack to prevent further extension 
of the weakness, and screw in an iron stud. Next clean tlie out¬ 
side and inside of the fracture very thoroughly, using a scraper 
and gasoline. File up some soft copper or braas spelter, and fill 
the crack, heaping the filings over it. Tlien take a powerful blow 
lamp or a torch and direct the flame on the copper. By tliis 
method a fair amount of metal can be worked into the opening. 
After cooling, the studs* are cut off flush and the copper filed 
smooth. It is said that the repair will endure indefinitely. 

In many cases the crack may be closed by making a rust joint. 
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The first step is to drill a very small hole at each end of the crack 
to prevent it from spreading and to drive in or seroy in a metal 
plug in each hole. The crack is ti\cn filled up with a paste made 
of 66% fine iron filings or iron dust and 33% sal-ammoniae in the 
pulverized form, with just enough water to make a mixture of 
prothir consistency to he forced into the crack easily. The action 
of the sal-ammouhic is to rapidly oxidizi^ the fine iron filings, 
producing rust which joins the various iron particles together and ' 
eflCectivcly seals the opening when it has properly hardened. As 
a lumilier of jnvparcd cements for use with cast iron may be 
pmvhas('(l at low cost, it is often cheaper to buy the cement than 
to attempt to make it. 

A (^)rrespon(lent to ^^ac^liIlery desj-rihes still another cement 
of somewliat <liiVVroiit. composition llihii that used with success by 
tlic writer. This is composed as rullows: powdereil cast iron, 40 
])o\vdercd sal ammoniac, 1 pa?’t; powdered sulphur, y* part. 
These ingredients are thoroughly uiix<'d tijgelhcr, and placed in an 
air-tight reeeptaclc in a ]>crfcct.ly dry condition until wanted. 
\YIien a hole in a easting is to be filled, take what appears to be 
the required (piantily of the mixed i)owdei, moisten it with water, 
to the consisteiiey of paste or putty, and till the hole or dep7’cssion, 
smoothing it up and allowing it to sot. 

AVhen very deej) depressions arc to be filled, add to the above 
mixture an equal weight of fresh “vulcanite*^ Portland cement be¬ 
fore dami>enirig. After the water has been added, so that the 
irdxture has the desired eonsisteney, add non-volatile oil to the 
extent of 8 per cent, by weight of tlie dry mixture used, and work j 
the mass until the oil is fully emulsified; tlion apply the paste, 
finishing with a facing of the original mixture containing no Port* 
land cement. This will produce a filler which will not shrink in 
setting. 

Another method sometimes employed is to clean out the interior 
of the water jacket thoroughly and put in a solution of sulphate 
of copper or blue stone, allowing this to leak through the crack if 
it will. Care is taken to remove any tr^ices of grease that may re¬ 
main in the crack; this may be washed out by a boiling hot solution 
of potash or soda. As the copper sulphate solution leaks out, it 
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deposits a thin copper film, and if the crack is such that it permits 
only a slow leak, the defective point will be scaled overnight with 
a deposit of pure copper. 

Inspecting Cylinder Head Packings.—On a number of over¬ 
head valve type motors having the valves carried in a removable 
cage gaskets are used to obtain a tight joint when the cage is 
screwed down. This jjackiDg frequently bocomes soft, resulting 
in a leak around the valve. In multiple cylinder motors tlie gaskets 
that are used at the point where the intake manifold joins tiio 
respective cylinders should be examined when the manifold is 
removed to make sure that these are in good condition. The gasket 
at the eA'hau.si pipe should also be insx>ectcd. Tlic packings for tho 
inlet pipe may be of well shellacked cardboard, mobiline or other 
asbestm packing, or even sheet rubber, but those used on exhaust 
pipes should only be made of asbestos or copper-asbestos. A de¬ 
fective gasket on the inlet manifold will sc^riously attenuate the 
mixture going to all cylinders, while a defective packing under 
the exhaust manifold joints will liave no elTect upon the operation 
of the motor, the only result being a sharp hiss or whistling sound 
duo to the leaky gas. 

Engines of the dotachnhlo head form have packings that art; 
made of a sheet of asbestos sandwiched between very thin sheets 
of copper. While these packings have tlie advantage of not depre¬ 
ciating rapidly, at llu' same time they may be packed down so 
solid and bo so atilT tliat they will not allow the cylinder head to 
bed properly after they have been used for a time. As the pack¬ 
ings for the popular cal’s using thorn may be purchased at low 
cost, it is w\dl for the repairman to always have a supply of these 
on hand to fit the various cars lie may undertake to repair. Some 
cylinders, especially of the individual casting form, have a hole 
at the top which is used for holding the core during the casting. 
This hole is usually filled with a plug tightly screwed into it, and 
the orifice should be tightly sealed against internal jiressure or 
water leakage. These plijgs arc sometimes made of bronze, and it 
is not unusual to find that they will leak slightly as, they have 
become loose due to the ditference in ratios of the expansion be¬ 
tween the iron used for the cylinder and the metal of wliich the 
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plug is composed. If the cylinder is of tliis jmtteru, this plug 
should be looked over carefully 

It sometimes happens that the retaining flange at the base of 
the cylinder may be cj’acked or a corner brokcui off. While thcj 
preferred method of repair is to weld it in place with the oxy- 
acetylene torch, an emergency lepair that will prove very satisfae- 



Flg. 112.—^Repairing Broken Cylinder Base Flange. 

tory may be made as indicated at h^ig. 112. This involves the use 
of a bent metal strap to hold the piece in place as indicated. 
While this broken piece does not assist in retaining the cylinder 
in place on the crankcase, it serves the useful purpose of keeping 
dirt and grit from entering the crankcase. The strap assists in 
holding the cylinder, however. 

A number of cylinder designs, especially those in which four 
or more cylinders are cast in a block, have a large plate at the 
side which is used to close the water jacket, this forming a cover 
for au opening which had been left to facilitate foundry work 
when the cylinder was cast. Tins plate is either of sheet brass 
or aluminum; in some cases it may be an aluminum casting having 
a portion of the intake manifold cast with it. Leakage is pre¬ 
vented by a packing interposed between the idatc and the cylinder, 
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the plate being firmly secured to the water jacket by a number of 
closely spaced machine screws. This is a common method of con¬ 
struction and one often finds water leaks about the plate oh in- 
spection. The packing us(‘d is a rubber and fabric composition of 
tlio form known by tlm trade name “liaiubow'** steam packing. 
This may be ejisily cut to i»roper size and holes punched in with 
a belt punch to allow the screws 1o pass through. Ju some in¬ 
stances simj)ly removing the i)late and siiiearing the gasket with 
shellac or rtnl lead and then ri‘plaeing the plate, taking care to 
scrcNv down all tlie screws tightly, will cure the leak. One ad¬ 
vantage of this plate is that it may be easily removed to permit 
the re]>airmaTi to clean out the water jacket thoroughly of any 
accumulation of rust or sediment which may have become de- 
jh).sited there ami wliich will* interf<*re with proper cooling. On 
some foniis of eylindci’s, appU(?d copper water jackets are used, 
and a sliglit leak may be munirested at tlie lower joint. This may 
be stopp(;d in most cases by just pccning in the retention or 
clamping ring, soldering or by calking with lead. 

Valve Removal and Inspection.—One of the most importa?Lt 
parts of the gasoline eiigiue and one that requires frequent in¬ 
spection and refitting to keep in condition is the nuisliroom or 
poppet valve that controls the inlet and exliaust gas flow. In 
overhauling it is essential that these valves be removed from their 
scatings and examined carefully for various defects which will be 
enumerated at proper time. The problem tl»at concerns us now 
is the best method of removing the valve. Thei c are held against 
Ithe seating in the cylinder by a coil .spring which exerts its pres¬ 
sure on the cylinder casting at the upper end and against a suit¬ 
able collar held by a key at the lower end of the valve stem. In 
order to remove the valve it is nec€8sai*y to first compress the 
spring by raising the collar and pulling the retaining key out of 
the valve stem. Many forms of valve spring lifters have been 
designed to permit ready removal of the valves. The most com¬ 
mon forms that have received application in practice arc shown at 
Figs. 113 aud 114, The fofm showm at Fig. 113, A, is composed 
of two levers liinged together in such a way that squeezing the 
Randles together will spread the other emls instead of closing them 
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as is the case with pliers. One end o€ the tool is rested on a 
valve lift plunger, the other end hears against the valve spring 
eollar, as indicated. When the handles are pressed together the 
valve spring collar is raised, this compressing the spring and per¬ 
mitting removal of the retaining key. A ratchet lock is provided 
to keep the handles closed so that both hands may be used in 
lifting the key owt of the valve stem, if necessary. The form 
outIin(‘d at 13 consists of a hinge or supporting memhor and a 
lover carrying a fork at one end to engage the valve spring collar. 
The fulcrum member is carried )»y an adjustable suj>port into 
wbicli it is threaded, 7'he supporting piece may he moved up or 
down on the fulcrum bolt, this adapting the tool for various fornm 
mid sixes of valves. The device outlined at C consists of n frame 
having a slotted bearing for the spring lifting l)cU crank supporting 
bolt, making it possible to move that member up or down to adapt 
the tool for difTorent spaces between the valve spring collar and the , 
valve operating push rod. The boll crank Is lifted by a screw 
wliieb makes it passible to compress the heaviest vj\lve spring 
without Iroiihle. 

One objection agaijist either of the forms of valve spring lifters 
.shown at A, B and 0 is that some means must be provided to 
prevent the valve head from coming off its scat. This is usually 
done by iuterposing a small block of w’ood betw'een the valve head 
and the valve chamber cap or by holding the valve head m/ainst 
the seat with a screw’-driver or other tool. The valve si)ring lifter 
sliown at D has the important advantage of keeping the vulw 
head firmly pressed against the se.at at the same time that th^ 
valve s])riQg cap or collar is lifted. This consists of a cast forked 
lever of peculiar shape provided with notches to engage a jack 
chain. One end of the jack chain is attached to a book which is 

a 

intended to bear down against the valve head. Another form 
in which the hook principle Ls carried out is shown at E. This 
consists of a frame bar having a series of holes at its lower end 
designed to fit the fulcrum pin of the valve spring lifting lever. 

Another application of the screw 'form of valve spring lifter 
is shown at F. This consists of a main portion or frame bar 
having the upper end threaded to fit the T-bandle screw while the- 
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Pig, 113.—Application of Valve Spring Compressing Tot 1 to Permit Removal of Valve Stem Keys. 
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lower end is in the form of a yoke to straddle the valve stem and 
lift the valve spring collar. This is a vcr>' effieienl form and has 
the advantage of keeping the spring compressed as long as de¬ 
sired, permitting ready removal of tlie valve key, which is an 
advantage not possessed by the lever form in which one hand must 
be used at the lever end wliile the other is depended on to remove 
the key. "With the valve spring lifter shown at A, C and F, both 
hands may be used for the work, as the devices will keep llie 
spring compressed as long as desired. The coastnjction is so 
clearly shown that any one of the valve spring liftt'rs outlined 
may be readily duplicated by tlie repairman at slight expense. 

An ingenious method of keeping a valve si)ring compressed 
while the key is extracted from the stem is shown at Fig. 114, A. 
A piece of iron pipe is cut of such length that two pieces may be 
obtained by cutting the pipe longitudinally in half. The longest 
of these pieces is of such height as is necessary to raise the valve 
spring collar sufficiently high to free it entirely from the key. 
The other piece is shorter. In operation the valve lift plunger is 
raised by its cam as sliown at A 1. This permits one to introduce 
the short piece of pipe between the crankcase and the valve spring 
collar. The camshaft is then rotated until the plunger returns to 
the lower end of its stroke again. A wide space then exists be¬ 
tween the end of the valve stem and the top of the plunger, A 
piece equal to the diffevonee in height between the short pipe shown 
at A 1 and the long piece of pipe shown at A 3 is then inserted 
to fill this space between the valve stem and plunger. The cam- 
jhaft is again rocked or turned sufficiently so the cam again raises., 
the valve plunger. This brings the valve spring collar still higher 
and permits one to insert the long piece of pipe as at A 3, When 
the valve head is pushed down on Us seat the key is readily ac¬ 
cessible, and may be easily removed with a small pair of pliers. 

The special valve spring lifter furnished for Ford repairmen 
has been previously outlined. The method of using it is shown 
at Fig, 134, B. The construction of a simple valve spring lifter 
that can be used on two valves at a time is shown at 0. This con¬ 
sists of a forked casting mlapted to bear on the valve plunger guide 
tops and carrying a steel stud at its center. The member designed 
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Fig. 114—ValT« Spring Lifting Tools of Varied Pesign. 


to engage the -valve spring collar is also a casting of such form 
as indicated in the plan -view at C. This has tliree slots making it 
possible to insert it easily between the valve spring collar and the 
pin passing through the valve stem. If one screws up on the lift- 
nut, it is apparent that the valve spring will be compressed 
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and the pins passing through tlic valve stem may be easily re¬ 
moved. This device is especially adapted for use on Ford motors. 
The Winsor valve spring lifter shown at I) is a modification of the 
form shown at Fig. 113, K. The arm on which the supporting 
chain is hooked is carried by a bolt adapted to screw into the 
spark plug hole in the valve chamber cap. This carries a bolt 
through its center which may he screwed down to hold the valve 
head securely against the seat. Under these conditions it is not 
difficult to raise the valve spring collar with the lever provided 
for tlte purpose and extract the spring retaining key or pin. ^ 
double forked form of valve spring lifter known as the “Uni¬ 
versal” is shown at Fig. 114, E. This works on the same jn'ineipic 
as that shown at Fig. 113, A, a screw being used to spread the 
vnds whicii arc I’oi’kcd to fit around the valve stem and the valve 
lift plunger respectively. 

Wlien the cylinder is of the valve iu-the-hcad torui, the method 
of valve removal will depend entirely ujion the system of cylinder 
construction followed. In tlie Knox cylinder shown at Fig. 103 
it is possible to remove the head from the' individual cylinder 
castings and the valve springs may be easily compressed by any 
suitable means when the cylinder head is placed on the work bench 
where it can be easily worked on. The usual method is to place 
the head on a .soft cloth w'ith the valves bearing against the 
bench. The valve springs may then he easily puslicd down with 
a simple forked lever and the valve stem key removed to release 
the valve spring collar. In the Franklin engine, which is shown 
in part section at f'ig. 115, it is not possible to remove the valves' 
without taking the cylinder off the crank case, because the valve 
seats are machined directly in the cylinder head and the valve 
(fomes are east integrally with the cylinder. This means that if 
the valves need grinding the cylinder must be removed from the 
engine base to provide access to the valve heads which are inside 
of that member, and which cannot he reached from the outside 
as is tnie of the L- or T-cyUnder construction. 

The preferred method of carrying the valves when they are 
placed in the cylinder head is shown at Fig. 116, which is a part 
sectional viev/ of the Buiek 6 cylinder motor. The valves are carv' 
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^*8* IIS.—3P*rt Sectioaal View of tte FranUln Six Cylinder Air Cooled Engine, Showing UnconTentional 

Valve Installation. 
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ried in cages which are readily removed from the cylinder head 
by unscrewing the retention nut that keeps the valve cage tightly 
pressed against the stating at its low*or end to obtain a gas-tight 
joint. The valve cages are easy to handle and it is a relatively 
simple operation to compress the valve spring and remove the pin 
which makes for easy removal of the valve. "y^Tien this construc¬ 
tion is followed it is possible to grind in the valve by simply re¬ 
moving the cage assemblies from the cylinder. It is not necessary 
to disturb the cylinder in any way and does not call for discon¬ 
nection of intake or exhaust manifolds; the only things that need 
be removed arc llie valve operalihg tappets, which is work of but 
a few moments. 

The (letacluible head idea has b<*en carried out in a distinctive 
manner on the Vremier-WeiJely motor, which is shown in part 
section at A, Fig. 117. In this the valves seat directly into the 
i^ylinder head member which serves six cylinders. This constrnc- 
tion is made possible by casting the six cylinders in a block and 
using the type of cylinder head packing made popular by the 
Ford car. The valves are operated by an overhead camshaft w’hich 
depresses the valve steins through the medium of a cam rider 
which relieves the valve stem of the side thrust which would be 
present if the cam worked directly against the end of the valve 
stem. In order to remove the valve with tins construction it is 
necessary to dismount the camshaft and cam riders which are 
shown at B, in order to expose the valve spring collars as indi¬ 
cated at D. The entire cylinder head may be tilted up on the 
bench as shown at 0, which gives ready access to the valves which 
are provided witli a slotted boss making it possible to turn them 
with a Bcre;w-driver bit when grinding them to a correct seating. 
.It is evident that the valves cannot be worked on without re¬ 
moving the cylinder head from the cylinder block casting. 

Benating and Truing Valves.—Much has been said relative 
to valve grinding, and despite the. mass of information given in 
the trade prints it is rather amusing to. watch the average repair¬ 
man or the motorist who prides himself on maintaining his own 
car performing this essential operation. The common mistakes 
are attempting to seat a badly grooved or pitted valve head on an 
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Fig. 116.~Part Secttosal View of Six Orllnder Bulck Motor, Showisg Method of Valve Momxting in Easily 
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equHlJy bad scat, %v]iich is an almost hopeless job, and of using 
coarse emery and bearing down with all one’s weight on the 
grinding tool with the liopc of quickly wearing away the rough 
surfaces. The use of improper abrasive material is a fertile cause 
of failure to obtain a .satisfactory seating. Valve grinding is not 
a difficult operation if certain precautions are taken before under¬ 
taking the work. The moat imi)ortant of these is to ascertain 



Fig. 137.—Sectional View Showing Construction of Premler-Weidely 
Overhead Valve, Detachable Cylinder Head Motor. 


if Ihc vah^e head or seat is badly scored or pitted. If such is found 
to he the cause no ordinary amount of grinding will serve to 
restore th^ surfaces. In this event the best thing to do is to 
remove the valve from its seating and to smooth down both the 
valve head and the seat in the cylinder before attempt is made 
to fit them together by grindbig. Another impoi'tant precaution 
is to make sure that the valve stem is straight, and that the head 
is not warped out of shape or loose on the stem when the vedve 
is a two-picex! member. 

A number of simple tools is available at the present time for 
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jTseating valves, these being outlined at Fig. 118. That shown at 
A is a simple fixture for facing off the valve head. The stem is 
supported by suitable bearings carried by the body or sliank of the 
tool, and the head is turned against an angularly disposed cutter 
whicli is set for the proper valve seat angle. The valve head is 
turned by a screw-driver, the amount of stock removed from the 
Jicad depending upon the location of the adjusting screw. Care 
must be taken not to remove too much metal, only enough being 
taken off to renmvo the most of the roughness. Valves are made 
in two standard tapers, the angle being either 45 or 60 degrees. 
It is imperative that the cutter blade be set correctly in order tliat 
the bevel is not changed. A set of valve truing and valve-scat 
reaming cutters is shown at Fig. 118, B. This is adaptable to vari¬ 
ous si/(* valve heads, as the cutter blade D may be moved to cor- 
respoiul to the size of the valve head being truc<l up. These cutter 
Jblades are made of tool steel and have a bevel at each end, one 

p * 

at 45 degrees, the other at 60 degrees. The valve scat reamer shown 
at G will take any one of the heads shown at F. It will also take 
any one of the guide bars shown at II. Tlie function of the guide 
bars is to fit the valve stem bearing in order to locate the reamer 
accurately and to insure tliat the valve seat is machined concentri¬ 
cally with its normal center. Another form of valve seat reamer 
and a special wrench used to turn it is showm at C. The valve 
head truer shown at Pig. 118, D, is intended 'iO be placed in a vise 
and is adaptable to a variety of valve head sizes. The smaller 
valves merely fit deeper in the conical depression. Tlie cutter 
•^blade is adjustable and the valve stem is aupj)orted by a simple 
self-centering bearing. In operation it is intended that the valve 
stem, which protrudes through the lower portion of the guide 
bearing, shall bo turned by a drill press or bit stock while the 
valve head is set against the cutter by pressure of a pad carried 
at the end of a feed screw which is supported by a hinged bridge 
member. This can be swung out of place a.s indicated to permit 
placing the valve head against the entter or removing it. 

As tlie sizes of valve heads and stems vary considerably a 
'‘TlniversaF' valve head truing tool must have some simple means 
^of centering the valve stem in order to insure concentric machining 
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fig. 118.—Tpols for Bostoring Vulve Head aud Seats. 
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of the \^alve head. A valve head truer wliieh employ an ingenious 
method of guiding the valve stem is shown at JB'ig. 118, B. Tlie 
device consists of a body portion B, provided with au external 
thread at the top on which tho cutter head A, is scrcw'ed. A 
number of sf-eel balls C, arc cavried in the grooves which may 
be altered in size by the adjustment nut F, wliieh screws in the 
bottom of the body portiim B. As the nut F is screwed in against 
the spacer member E, the V-grooves are reduced in size and tlie 
steel balls C are pressed out in contact with the valve stem. As the 
circle oy annulus is filled with balls in both upper and lower portions 
the stem may be readily turned because it is virtually supported 
by ball bearing guides. Wlien a larger valve stem is to be sup* 
ported, the adjusting nut F, is screwed out which increases the 
size of the grooves and pemiita the balls C, to spread out and 
allow' the larger stem to be inserted. 

In straightening a spindle, light shaft or valve stem that has 
accidentally become bent, hammering the piepe straight is crude 
and unmechanical aud usually results in hnusiug it. A better 
way to straighten a bent valve stem is shown in the ilhistralions 
at Fig. 119. The. part to be straightened, in this case an exhaust 
valve, should first be heated at the bent portion with a flame from 
a blow torch which is deflected against the portion to be raised 
to a high temperature by a simple band iron fixture to localize 
the flame. This is indicated at A, and the method of using it is 
showm at B. While the bend is still hot the valve stem is idaced 
between the jaws of a strongly built vise os shown at C. Cut or 
file V-shape notches in three nuts or other vi^^ecs of metal, lay 
the bent piece between the jaws with one of the nuts under the 
bent portion and the other two spaced further apart as indicated. 
Apply steady pressure with the vise screw aud the piece will 
spring back into shape. By moving the supporting blocks N from 
one portion of the valve stem to the other, always exerting pres¬ 
sure against the bent part or high spot with one of tho nuts, 
it will be possible to straighten the stem by removing kinks 
at 421 points. While it is^preferable to support the valve in lathe 
to determine when it is accurately straightened, if a lathe 
is not available a simple frame as shown at D, in which nails are 
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used as centers iu upright bloelis of wood may be extempoi 
The valve is swung around and the high portions are indict 
with a piece of chalk. 

The use of a clamp to straighten the valve stem is shov: / 
D-2, this being suggested for use where a vise is not avai I 
A stiff metal piece is laid on top of the elainp screw and tw- | 
porting blocks are placed on it to keep the valve in place. A 
of soft sheet metal such as brass or copper is interposed bci / 



Fig. 119.—Simple Methods of Straightening Bent Valve Stems. 

the fixed end of the clamp and the valve stem in order not to mar 
that member. The method of straightening a bent valve stem in 
order to permit the removal of that meniber when it is carried 
in a removable valve cage is shown at Pig. 119, B. If one at¬ 
tempts to press or drive the valve out when the stem sticks from 
being bent the valve stem guide is apt to be broken, becaus'^J^ ■ 
is of cast inm which is a brittle material that will not stand 
stresses. 

In straightening ^he valve the vise jaws are provided with s 
metal cap pieces and the east iron valve stem guide is firmly 
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..of t oed between these members. Wlicn supported in this manner 
“me e is no danger of breaking off the boss and the stem may 
de- straightened by blows from the hammer, taking care to interpose 
thr bek of hard wood or a piece of babbitt metal bctwecii the 
nnm.d stem and the hammer. When the valve cage is placed in the 
be aj laro will be taken to liave the bent portion of the stem at the 
botto ' ! the hub and it will also bo important to have the valve stem 
the } lined that the blows directed against it will be exerted along 
'' longitudinal center line of the vis(*. The valve-stems are 
bent when a wrench used to remove the cages slips and 
strikes the valve stem. The repairman maj' consider the work 
sufficiently w(‘ll done w-hen the stem has bc(?n so straightened that 
the valve will fall out of the cage of its <pvri weight, it is evident 
tliat the hammer blows must be carefully dii’ected and that the 
force of these be gaug(>d intelligently as it is better to do the 
*;raiglitemng witli a series of light blows tliau with a lesser 
ac :)ber of heavy ones which may cause damage, 
an Valve Grinding Processes.—Mcutioji (las been previously made 
wa the imp(j)’tancc of truing luvtli valve head an<l seat before at- 
at ipt is made to refit the parts by grinding. TJie appearance of 
v- ‘valve head when pitted or scorcul is indicated ut Fig. 120, A, 
i 1 order that the motorist or novice jepairman eau readily identify 
1 nis def(?ctive condition. After smoothing the valve seat the next 
.•iicp is to find some way of turning the valve. Valve heads are 
usually provided with a screw driver slot passing through the 
boss at the top of the valve or with two drilled holes to take a 
forked griiiding tool, Tlie metJ)od of arrai ging the valve head 
for the grinding tool and the types of grinding tools commonly 
used are also shown at Fig. 120, A. A eombiimtion grinding tool 
which may be used when either the two ilrillbd lioles or the slotted 
/ead form of valve is to be rotated is shown at Fig. 120, B. This 
. conists of a special form of screw driver having an enlarged boss 
just above the blade, this bjss serving to support a TJ-shape piece 
it 'h can be securely held in operative position by the clamp 
at.ai or which can be titrned out of the way if the screw driver 
ce’’.' is to be used. 

V ' As it is desirable to turn the valve through a portion of a revo- 
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lulion and back again rather than turning it always in the same; 
direction, a number of si)ccial tools has been designed to make 
this oscillating motion possible without trouble. A simple valve 
grinding tool is shown at Fig. 120, C. This consists of a screw 
driver blade mounted in a handle in such a way that the end may 
turn freely in the handle. A pinion is securely fastened to the 
screw driver blade sliank, and is adapted to fit a race provided with 
a wood handle and guided by a bent bearing member securely 
fastened to the screw driver handle. As tlie rack is pushed back 
and forth the pinion must be turned first in one din^ction and then 
in the other. 

A valve grinding tool patterned largely after a breast drill 
is shown at Fig. 120, D« This is worked In such a manner that a 
continuous rotation of the operating crank will result in an osciU 
lating movement of the chuck carrying the screw driver blade. 
The bevel pinions which are used to turn the chuck are normally 
free unless clutched to the chuck stem by the sliding sleeve which 
must turn with the chuck stem and which carries clutching mem* 
bers at each end to engage similar members on the bevel pinions 
and lo(^ these to the chuck stem, one at a time. The bevel gear 
carries a cam piece which movoa the clutch sleeve back and forth 
as it revolves. This means that the pinion giving forward motion - 
of the chuck is clutched to the chuck spindle for a portion of a 
revolution of the gear and clutch sleeve is moved back by the cam 
and clutched to the pinion giving a reverse motion of the chuck 
during the remainder of the main drive gear revolution. 

A method that can be used for smoothing the surface of a 
valve head when the usual form of valve head truer is not avail¬ 
able is indicated at Fig. 120, E. The valve heads arc usually 
provided with a small depression in the center known as a counter- 
.sink which is designed to act us a support for the valve when 
it is being machined from the forging. The stem of the valve is 
caught in the chuck of a bit stock and rested on any sharp point 
on a wall or bench. This can be easily made by driving a laiijgc 
wire nail in the bench from underneath so that the point prdje^s 
through the bench. The bit stock is briskly turned by a helpi*'r 
and the roa^ j^ota are removed from the seat with a fine file, cave 
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being taken, not to obange the taper of the valve hcad^, The valve ^ 
stem could be turned inutli faster and a superior fini/^.'jobtained if a 
breast drill were used instead of a bit stock, tlmu‘ "^th care a 
very creditable job may be done with the latter. 

One of the things to watch for in valve grinding is clearly 
indicated at Fig. 120, F. It somotiraes happcjjs that the adjusting 

si/Vew on the valve lift 
plunger op Uie valve 
lift plunger itself does 
not permit the valve 
head to rest against 
the .seat. While the 
(.s)ndilion is exagger¬ 
ated in the sketeh it 
will he a|)j>arent that 
luiless a d<‘finile s])aee 
exists between t)ic end 
of the valve stem and 
the valve lift plunger 
that grinding will be 
of little avail because 
the valve head will not 
hear pr()p<;rly against 
tlie abrasive material 
smeared on the valve 
scat. 

The usual raethods 
of valve grinding arc 

^ ^ , clearly outlined at 

rig. 121.—A Nail or Piece of Wire Only 

Tool Neceesary for Grinding Bulck ^view at 
Valves to Correct Seating in Cage. the left shows the 

method of turning the 
valve by nn onlinary screw driver and also shows a valve head at 
A, having both the drilled holes and the screw driver slot for turn¬ 
ing the member and two special forms (tf fork-end valve grinding 
tools. In the sectional view shown at the right, the use of the light 
.spring between the valve head and 1h(* bottom of the valve chamber 
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to lift the valve head from the seat whenever pressure on the grind¬ 
ing tool is released is clearly indicated.■ It will be noted also 
that a ball of waste or cloth is interposed in the passage between the 
valve chamber and the cylinder interior to prevent the abrasive 
material from passing into the cylinder from the valve chamber. 
When a bitstoek is used, instead of being given a true rotarj'' 



Fig. 122.—Showing Practical Methods of Valve Grinding. At Left, with 
Ordinary Screw Driver; at Right, with Screw Driver Bit and Bitstoek. 

motion the cliuek is merely t»scillated through the greater part 
of tlie circle and back again. It is necessary to lift the valve 
from its s^mt frecjuontly as the grinding operation coiilinuos, this 
is to provide an oven distribution of the abrasive material plaeed 
between the valve head and its seat. Only sufllcient pressure is 
given to the bitstoek to overcome the uplift of the si)ring and to 
insure that the valve will be held against the seal. AVliere the spring 
is not used it is possible to raise the valve from time to time with 
the hand which is placed iindcr the valve stem to raise it as the 
grinding is carried on. Tt is not always possible to lift the valve 
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in this manner when the cylinders urt^ in place on tJie engine base 
owing to the space between the valve lil‘t plunger and the end of 
the valve stem. In this event the use of the spring as shown 
in sectional view will be desirable. 

The abrasive generally used is a paste made of medium or fine 
emery and lard, oil or kerosene. This is used until the siirfa<re.s 
are comparatively smooth, after which the final t>olish or finish is 
given with a i)aste of fionr emery, grindstone dust, crocus, or ground 
glass and oil. An erroneous impression prt'vails in some quarters 
that the valve head surface and the seating must have a mirror-like 
polish. While this is not necessary it is essential that the seat 
in the cylinder and the bevel surface of the head be smot free 

from pits or scratches at the completion of the operatic All 
traces of the emery and oil should be tlioroughly w'ashcd out of the 
valve chamber with gasoline before the valve uechaniani is as¬ 
sembled and in fact it is advisable to remove the old grinding com¬ 
pound at regular intervals, wash the seat tlioroughly and supply 
fresh material as the process is in progress. The truth of seatings 
may bo tested by taking some Prussian blue pigment and spread¬ 
ing a thin film of it over the valve si;at. The valve is dropped in 
place and is given about one-eighth turn witli a little pressure on 
the tool. If the seating is good both valve head and seat will be cov¬ 
ered uniformly with color. If high spots exist, the heavy deposit 
of color will show these while the low spots will be made evident 
because of the lack of pigment. The grinding process should be 
continued until the test shows an even bearing of the valve head 
at all points of the cylinder seating. When the valves are held 
ill cages it is possible to catch the cage in a vise and to turn the 
valve in any of the ways indicated. It is much easier to clean 
off the emery and oil and there is absolulely no danger of getting 
the abrasive material in the cylinder if the construction is such 
that’ the valve cage or cylinder head member carrying the valve 
can he removed from the cylinder. When valves are held in cages, 
the tightness of the seat may be tested by partially filling the cage 
with gasoline and noliciug how much liquid oozes out around the 
valve head. The degree of moisture present indicates the efficacy of 
Ihe grinding process. 
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Depreciation in Valve Operating Systems.—There are a oum- 
ber of points to be watched in the valve operating system because 
valve liming may be seriously interfered with if there is much 
,-lost motion at the various bearing points in the valve lift mechan¬ 
ism. The two conventional methods of opening valves are sliown 
,nt Fig. .123, That at A, is the type cmi>loyrd when the valve 
cages are mounted directly in the head, while the form at B, is 
the system used when tlni valves are located in a pocket or ex- 
tonsion of the cylinder casting as is the ease if an L, qr T-head 
cylinder is used. It will be evident that there, are several points 
where depreciation may take jdaec. The simplest form is that 
shown at 13, and even on this there arc points where lost mo¬ 
tion may be noted. The periphery of the valve opening cam or 
roller may be worn lliougli this is not likely unless the roller 
or cam has been inadvertently left soft. Tlie pin which acts as 
^ bearing for the roller may become w'orn, this occurring quite 
^xfen. Looseness may materialize between tiie bearing surfaces 
of the valve lift pJuuger and the plunger guide casting and there 
may also be excessive clearance between the top of the plunger 
and the valve stem. 

On the form sliown at A, there are several parts added to those 
indicated at B. A walking beam or rocker lever is necessary to 
transform tlie upward motion of the tapiict rod to a downward 
motion of the valve stem. The pin on which thi.s member fulcrums 
may wear as will also the other pin acting as a hinge or bearing 
^ yoke end of the tappet rod. It will be apparent that if 

/^ Sght play existed at each of the points mentioned it might result 


m a serious diminution of valve, opening. Suppose, for example, 
that there were .005-inch lo.st motion at each of three bearing points, 
tlie total lost motion would be .015-incb or sufficient to produce 
noisy action of the valve mechanism. When valve pluugei-s of 
the adjustable form, such as sliowm at B, are used, the hardened 


bolt head in contact with the end of the valve stem may become 
' hollowed out on account of the hammering action at that point. 
It is imperative that the top of this member be ground off true 
and the clearance between the valve stem and jilunger properly ad- 
^justed. If the plunger is a non-adjustable type it will be necessary 
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123.—Points In the Valve Operating Mechanisic That Demand Attention. 













IVear in Valve Stem Guides 


iio lengthen the valve stem by some means in order to reduce 
the excessive clearance. The only remedy for wear at the various 
liingea and bearing pins is to bore tlie holes out slightly larger 
and to fit new hardened steel pins of larger diameter. Depreciation 
between the valve plunger guide and the valve plunger is usually 
remedied by fitting new plunger guides in place of the worn ones. 
If there is sufficient stock in the plunger guide casting as is 
always the case when these members are not separable from the 
cylinder casting, tiie guide may be bored out and bushed with a 
light bronze bushing. 

Another point where depreciation must ho looked for is be- 
^ twwm the valve stem and the valve stem guide in the cylinder. 
The metliods of repairing this defect are elearl^' indicated at Fig. 
124. A common cause of irregular engine operation is due to u 
.sticking valve, w'hich condition is clearly depicted at Fig. 123, C. 
This may be due to a bent valve stem, a weak or broken valve 
spring or an accumulation of burnt or gummed oil between the 
valve stem ^rid the valve stem guide. In order to prevent this tlu* 
valve stem must be smoothed with fine emery clotli and no burrs 
or shoulders allowed to remain on it, and the stem must also be 
(^straight and at right angles to the valve head. If the spring is 
weak it may be strengthened in some cases by stretching it out so 
that a larger space will exist between the coils. Obviously if a 
spring is broken the only remedy is replacement of the defective 
member. 

A number of engines of old patterns had cams keyed to the 
> camshaft instead of formed integrally with it i.i is now common 
pi'actice. After the engine had been used for a time, especially 
if the valve springs were stiff, the key was very apt to become 
loose in the cam which would result in a pronounced knock when 
the engine was in operation. The reason for this knock may be 
^clearly understootl by referring to illustration at Fig. 123, D. With 
the key slot worn, as the cam started to lift the plunger the pres¬ 
sure against the cam would cause that member to come back 
against the key sharply and the hammering action would cause 
noise. Similariy when the cam left the plunger the looseness- 
would again be evidenced and another knock would result. Where 
X 
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(his form of fastening? is used the only remedy for worn keyway ' 
in the cam is to use whler keys in the camshaft by providing now 
keyways in that nicmbei*. 'While it is possilde to cure the troubU’ 
by using n two diameter key, this is not considered good praetiee 
owing to difficulties in properly fitting such a member. 

Mention has been made of w^ear in the valve sten\ guide and 
its induciice on engine action, 'W'hen these niombcirs are an integral 
part of the cylinder the only method of eompensating for this 
wear is to drill tlie guide out and fit a bushing, wiiich may h(‘ 
made of steel t\ihc. In order to insure that the hole will be bored 
out true a sim])lo jig is extemporized from one of tire valve chamber 
caps as indicated. The eap used is the menrber carrying tire 
Kj)ark plug and the oi)cning left for this member is filled with ri 
threaded bushing carrying a plai/i hardened steel Imshing inteudc<l 
for tho drill guide. As it is not always possible to procure steel 
tubing of the proper size it may be necessary to drill out or ream 
out the bore of the. tube to lit the valve stem after the bushing 
is driven in place. 

In most engines, especially those of recent development, the 
vjilvo stem guide is driven into tlie cylinder casting and is a 
separate member whicli may be removed when w'oru and replaced 
w’ith a new one. When tiio guides become enlarged to such a point 
llmt considerable j)l!iy exists between them and th(* valve stems, they 
may be easily knocked out by using a drift pin of tho prop(‘r size 
and a hammer or forced rut under an arbor press. This is not 
a difficult thing to do, as one need not be afraid of injuring a 
member which is no longer of any use. Care must be. taken, how¬ 
ever, in placing the new valve stem guide because, while this might 
be hammered in place, it could not be done unless extreme caro 
was exorcised and there would always exist the inissibility of 
injuring the guicie. Tlie approved method of installing a uga' 
valve stem guide is shown at Fig. 124, C. A cold rolled steel 
rod is threaded practically its entire length and is of sufficient 
diameter to just tit iuto the hole in the guide. A substantial piece 
of flat stock E. is placed over the valve chamber, this being at least 
one-quai-ter inch thick and one inch wide and of such length 
as to bridge the valve cap opening over and leave a liberal margin 
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i\i either side. 'Plio nut A, is screwed down on the rod B, until 
the nut C, at tlic lower end of the rod is heariiip tightly against 
tho valve stem guide Q. Tin* guide member is then foret?d into 
place by turning eitlier or both of the nuts A, or C, until it 
is fii’jwly seated. It is ixjssible to use a long bolt instead of the 
rod P>, if desir(‘d. When this sysbmi of valve guide oonstruclion 
is followed, the work of replmdjig the worn members can be 



Fig. 124.—Practical Methods of Bestoring Worn Valve Stem Guide 

Bushing. 

done by one without mechanical experienee just as well as by tfie 
jTiore expert. 

The depreciation of the exposed valve stem guides may be 
reduced considerably by jidopting the scheme for lubricating the 
valve stems shown at Fig. 124, E, used on Overland cars. This 
consists of cutting out the lower portion of the valve stem guide 
to take a beveled felt washer which is kept firmly pressed against 
the seating by a cupped st^el tvasher maintained in contact against 
the felt by a coil spring extending down to the valve spring collar 
and fitting the valve stem fairly close. The shape of the cupped 
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washer makes it possible to fill that member with oil which is 
absorbed by the felt and distributed against the valve stem as it 
reciprocates np and down. On practically all motors o£ recent 
design, provision is ma<le for enclosing the valve stems and plungers 
in order to keep out dirt and grit and to retain lubj’icatiiig oil 
splashed on the working surfaces from the crankcase interior 
or forced out through the valve operating plunger guides becanst* 
of internal crankcase pressure. 

Piston Troubles.—Jf an engine, has been entirely dismaiiUed it 
is very easy to examine the pistons for deterioration. The relation 
of the piston, connecting rod and crankshaft of a typical pow'er 
plant is clearly outlined at Fig. 125 and below the assembled group 
both the connecting rod and piston are shown dismantled. While 
it is important that Iho piston be a good fit in the cylinder it is 
mainly upon the piston rings that compression depends. The piston 
should fit the cylinder with but little looseness, the usiuil practice 
being to have the piston about .OOldnch smaller than the bore 
for each inch of piston diameU^r at the point where the least 
heat is present or at the bottom of the piston. It is necessary to 
allow more than this at the tcjp of the piston owing to its expan¬ 
sion due to the direct heat of the explosion. The cJ(iarunco is 
usually graduated and a piston that would be .005 inch smaller 
than the, cylinder bore at the bottom would be about .0065-iuch 
at the middle and .0075-inch at the top. If much more play than 
this is evidenced the piston will “slap’’ in the cylinder and the 
piston will be worn at the ends more than in the center. Pistojm 
sometimes warp out of shape and arc not truly cylindrical. This 
results in the high spots rubbing on the cylinder wdiile the low 
spots w’ill be blackened where a certain amount of gas has leaked by. 

Mention has been previously made of the necessity of reboring 
or regrinding a cylinder that lias become scored or scratched and 
wliich allows the gas to leak by the piston rings. Wlien the cylinder 
is ground out, it is necessary to use a larger piston to conform to ‘ 
the enlarged cylinder bore. Most manufacturers are prepared to 
furnish over-size pistons, there being four standard over-size di¬ 
mensions adopted by the S. A. B. for rcbored cylinders. These 
are .010-inch, .020-inch, .030-incli, and .040-inch larger than the 
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regular dimension. Care should bo taken in reboring the cylinders 
i:o adhere as closely as possible to one or the other of these stand¬ 
ards. 

If the engine construction is such that side jjlatcs may be re¬ 
moved from the crank case and the cylinder head removed from 
tlie cylinders it is jmssible to remove a piston for inspection with- 



rig. 125.—Typical Platon, Connecting Bod and Crankshaft Assemhly. 


out taking down the entire motor. As will be noted at P^ig. 126. 
when the side plate is removed from the engine ba.se a large open¬ 
ing is loft through which the connecting rod cap uuls may be 
j easily reached with an ordinary S wrench. After the cap is re¬ 
moved from the connecting rod it is not difficult to push the con¬ 
necting rod and piston assembly out through the opening left at 
the top of the cylinder. • 

All gas engine pistons are provided with two or more packing 
rings and it is these members that frequently need inspection. 
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rather than the piston itself. The coramoji forms of piston rings^ 
used are outlined at Fig. 127. The different types showft art: 
fitted to one piston, though the usual practice is to use rings of 
the same type in each group. Tlie ring shown at Fig. 127, A, has 
a diagonal cut joint and has been widely ai)plied. Tiiat depicted 
at B, has a Iapj»ed or step joint, and is snj)erior to the form shown 
above it, iuasmneh as it wdll retain gas in a more positive mannei. 
The butt joint ring shown at C, is seldom used on automobile on- ' 



Pig. 126.—snowing how Connecting Bod Caps May be Beached Through 
luapection Boles in the Side of the Crankcase. 


giues though it is sometimes applied to cheap stationary or uiariin K 
types. The use of a number of light steel rings instead of ou(- 
wide ring in tlie groove is found on a number of the 1915 auto 
mobile power plants. It is contended that where a number ol' 
light rings is employed a more flexible packing means is obtained 
and the possibility of leakage is reduced. Bings of this design ari.^ > 
made of square section steel wire and are given a spring temper. 
Owing to the limited width the diagonal cut joint is generally em¬ 
ployed instead of the lap joint which is so popular on wider rings. 
This construction is clearly outlined at Fig. 127, D. 

l*eak Proof Piston Rings.—In order to reduce the eorapres- 
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sion loss and leakage of gas by the ordinary simple form of di- 
ago&l or lap joint one-piece piston ring a number of compound 
rings have been devised and are offered to the repairman.to use 
in making replace¬ 
ments. The loading 
forms are sIjowti at 
Fig. 128. That shown 
at A, is known ns the 
“Statite” and coiLsists 
of three rings, rme 
carried inside while 
the other two are car¬ 
ried on the outside. 

The ring shown at B, 
is a double ring and is 
known as the MeCad- 
den. This is composed 
of two til in concentric 
lap joint rings so dis¬ 
posed relative to each 
other that the oi^ening 
in the inner ring 
comes opposite to the 
opening in the outer 
ring. The form shown 
at C is known as the “Leoktitc,” and is a single ring provided 
' with a peculiar form of lap and dove tail joints The ring shown 
at is known as the ^‘Dunham’’ and is of the double concen¬ 
tric type being composed of two rings with lap joints which are 
welded together at a point opposite the joint so that there is no 
passage by which the gas can escape. The Burd high compres- 
>s|on ring is shown at £. The joints of these rings are sealed 
by means of an H shaped coupler of bronze which closes the 
opening. The ring ends are made with tongues which interlock 
with the coupling. The rin*g shown at F, is called the “Evertite” 
and is a three-piece ring composed of three members as shown in 
\the sectional view below the ringi The main part .or inner ring 



Fig. 127.—^Forms of Piston Elngs Commonly 

Used. 
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has a circumferential channel iu which the two outer rings lock,* 
the resulting cross-section being rectangular just the same as that 
of a regular pattern ring. All throe rings are diagonally split 
and the joints arc si>aced (!ciu«11y and the distances maintained by 
small pins. This results in each joint being sealed by the solid 
portion of tbo oilier rings. 

The piston rings should bo taken out of tlie piston grooves and 
all carbon iloposits removed from tlui inside of the ring and the 



Fig. 128.—Leak Proof and Other Compound Piston Bings. 


bottom of the groove. It is important to take this deposit out be¬ 
cause it prevents the rings from performing their proper functions 
by reducing tlie ring elasticity, and if tlie deposit is allowed to 
accumulate it may eventually result in sticking and binding of 
the ring, this producing excessive friction or loss of compression. 
When tlie rings arc removed they should be tested to see if they 
retain their elasticity and it is also well to see that the small pins 
in some pistons which keep the rings from turning around so the 
joints will not come in line arc still in place. If no pins are found 
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Klhere is no csiise for alarm because these dowels arc not al'ways 
used, Wheu fitted, they are utilized with rings having a butt joint 
or diagonal cut as the superior gas retaining qualities of the lap 
or step joint render the pins unnecessary. 

If gas has been blowing by the ring or if these members have 
not been fitting the cylinder properly the points where the gas 
pass(^d will be evidenced by burnt, brown or roughened portions 
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Fig. 129.—Processes Incidental to Piston Bing Bestoratlon. 

of the polished surface of the pistons and rings. The point whore 
this discoloration will he noticed more often Is at the thin end of 
an eccentric ring, the discoloration being present for about ^-inch 
or ^dneh each side of the slot. It may be possible that the rings 
^were not true when first put in. This made it possible for the 
gas to leak by in small amounts initially wdiich increased due to 
continued pressure until quite a large area for gas escape had 
been created. • 

Removing Pistons Stuck in Combustion Chamber.- Tlie rc- 
^ moval and replacemont of pistous and rings seldom offer any 
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trouble if the work is properly carried on, but if for any reasoT 
the piston should be pushed too far up into the cylinder on some 
types of engines the top ring will expand into the combustion cham¬ 
ber and will lock the pistons tightly in place. This is a difficult 
condition to overcome with some forms of cylinders though if the 
cylinder casting is of the L or T form it may be possible to com¬ 
press the rings sufficiently to remove the piston by simple means. 



Pig. iSO.^SUnple Method of Bemovlng or Installing Piston Bings. 

The best method is shown at Fig, 129, A. A very thin strip of 
metal of a])proximHtely the same width as the piston rings is passed 
through one of the valve chamber openings and passed around the 
piston and pulled out through the other opening. It requires the 
services of two people and sometimes three to remove a piston stuck 
in this manner. The efforts of one are directed to keep the h^d ' 
taut under the ring and to exert an upward pull which forces that 
portion of the ring embraced by the xqetal band to fill the groove 
in the piston. Another person uses a pair of screw drivers, one 
through each valve chamber opening to compress the ring at the 
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ipoints indicated in the drawing. This means that a three point 
compressional eifect is obtained and it is a simple matter for the 
third person to draw the piston hack into the cylinder when the 
ring has been properly compressed in its groove. It is not always 
possible to compress the ring so the only other alternative is to 
break it in a number of pieces by hitting the brittle ring with a 
drift or chisel and then withdrawing the pieces one at a time until 



Fig. 131.—Simple damp for Closing Piston Ring to PaclUtate Insertion 

In Cylinders. 


the ring has been entirely removed. "With the T-head cylinder it 
is sometimes possible to remove the ring without the use of the 
metal bands, as that member is compressed at diametrically op¬ 
posite points by a screw driver inserted through each valve cham¬ 
ber cap. 

Piston Ring Manipulation.—Removing piston rings is a dif¬ 
ficult operation if the proper means are not taken, but is a 
comparatively simple one wlien the trick is known. The tools 
required are very simple, being three strips of thin steel about 
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one-quarter inch wide and four or five inches long and a paif'i 
of spreading tongs made up of one-quarter inch diameter key- 
stock tied in the center with a copper wire to form n liingc. The 
construction is such that when the hand is closed and the handles, 
brought together tlie other en<l of the expander spreads out, an 
action just opposite to that of the conventional pliers. The method 
of using the tongs and the metal strips is clearly indicated at 
Fig. 130. At A the ring expander is shown spreading the ends 
of the rings sufficiently to insert the pieces of sheet metal be¬ 
tween one of the rings and the piston. Grasp the ring as shown 
at B, pressiTJg with the thumbs on the top of the piston aud 
the ring will slide off easily, the thin metal strips acting as guide 
members to prevent the ring from catching iji the oilier piston 
grooves. Usually no difficulty is experienced in removing the top 
or bottom rings, as these members may be easily expanded aiid 
worked off directly without the u.se of a nu'tal strip. When re¬ 
moving the intermediate rings, however, the metal strips will be 
found very useful. These arc u.sually made by the rcpairnuiu 
by grinding the teeth from old hacksaw blades and rounding the 
edges and corners in order to reduce the liability of cutting the 
fingers. By the use of the three metal strips a ring is removed 
without breaking or distorting it and practically no time is con¬ 
sumed in the operation. 

Fitting Piston Rings.—Befo^'e installing new rings, they should 
be carefully fitted to the grooves to which they are applied. The 
tools required are a large piece of fine emery cloth, a thin, flat file, a 
small vise with copper or leaden jaw clips, and a sniooth hard sur¬ 
face such as that afforded by the top of a surface plate or a well 
planed piece of hard wood. After making sure that all deposits of 
. burnt oil and carbon have been removed from the piston grooves, 
tliree rings are seh'Cted, one for each groove. The ring is turned all 
around its circumference into the groove it is to fit, which can be 
done without springing it over the piston as the outside edge of the 
ring may be used to test the width of the groove just as well as the 
inside edge. The ring should he a fair.fit and while free to move 
. cii*cumfcrcntiaUy there should ho no appreciable up and down 
motion. If the ring is a tight fit it should bo laid edge down upon 
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the piece of emery cloth which is placed ou the surface plate and 
carefully rubbed down until it fits the groove it is to occupy. It 
is advisable to fit each piston ring individually and to mark them 
in some way to insure that they will be placed iu the groove to 
which they are fitted. 

The repairman next turns his attention to fitting the ring in 
the cylinder itself. The ring should be pushed into the cylinder 
at least two inches Ui> from the bottom and endeavor should be 
made to have the lower edge of the ring parallel with the bottom 
of the cylinder. If the ring is not of correct diameter, but is 
slightly larger than the cylinder bore, this condition will be evi¬ 
dent by the angular slots of the rings being out of line or by diffi¬ 
culty in inserting the ring if it is a lap joint form. If such is 
the case the ring is renu)V(‘tl fnun the cylinder and plac<*d in the 
vise between the soft metal jaw clips, as shown at Fig. 120, B. 
Sufficient metal is removed with a fine file from liic edges of tlie 
ring at the slot until the edges eonie into line and a slight space 
exists between tliein when tije ring is placed into the cylinder. It 
is important that this s[)aee be left between the ends, for if this 
is not done when the ring becomes heated the expansion of niet<al 
may cause the ends to abut and the ring to jam in the cylinder. 

i\nother method of fitting a piston ring is indicated at Pig. 
129, 0. A ping is made of soft wood, such as yellow pine that will 
be an ea.sy fit in the cylinder and one end is turned down enough 
so that a shoulder will be formed to ])ack the ring. The turned 
down portion should be u little less than the width of the ring to 
be tested. The ring is pushed ou this turned down end of the 
wooden ping and hold by a sranll batten secured by a screw in the 
center. This does not hold the ring tiglitly enough to keep it 
from closing up. It is also important to turn llie end of the woodi*n 
plug small enough so that its diameter will be loss than the bore 
of the ring wheJi that namiber is tightly closed. The cylinder bore 
is smeared with a little Prussian blue pigment which is spread 
evenly over the cylinder wall witli a piece of waste ainl the ring 
is moved back and forth in the cylinder while it is held square 
by the shoulder on the plug. The high spots on the ring will be 
shown by color. Usually the ring will be foniid to bear hardest 
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at each side of the slot. These high spots are removed carefully 4 ^ 
with a very fine mill file or piece of emery cloth and the ring is 
again inserted in the cylinder bore to find other high spots which 
are removed in a similar maimer. When the rings fit fairly 
well all around, tlie entire surface will have a uniform coating 
of blue. 

If the old piston rings are bright nil around but appear to 
have lost their elasticity, a new lease of life may bo given by a 
process known as peeniiig which is shown at Fig. 129, D, The 
ring is stood on a surface plate and is tapped inside with the peer 
end of a light hammer, using the harder blows at the thick section 
and gradually rcilucing the force of the blow as the slot is ap-' 
proached. If skillfully done a ring may bo stretched to some ex¬ 
tent and considerable elasticity imparted. Piston rings are not 
always of the .simple form shown at Fig. 127. Various duplex 
constructions have been offered with an idea of reducing the possi¬ 
bility of leakage. A ring of this type which is known as the “Leak 
Proof'’ piston packing is shown at Fig. 129, E. These duplex 
rings are harder to install than the simpler forms, and it is im¬ 
portant that they be carefully fitted to the cylinder and to the 
piston grooves. '• 

It is necessary to use more than ordinary caution in replacing 
the rings on the piston because they are usually made of cast iron, 
a metal that is very fragile and liable to break because of its 
brittleness. Special care sliould be taken in replacing new rings as 
these members are more apt to break than old ones. This is prob¬ 
ably accounted for by the heating action on used rings which tends 
to anneal the metal as well as making it less springy. The bottom 
ring should he placed in position first which is easily accomplished 
by springing the ring open enough to pass on the piston and 
then sliding it into place in the low'cr groove which on some types 
of engines is below the wrist pin, whereas in others all grooves are ^ 
above that member. The oth(?r members are put in by a reversal 
of the process outlined at Fig. 130, It is not always necessary 
to use the guiding strips of metal wli^n replacing rlugs as it is 
often possible, by putting the rings on the piston a little askew 
and mancDuvcring them to pas.s the grooves without springing the 
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ring into them. The top ring should be the last one placed in 
position. 

Before replacing pistons in the cylinder one should make sure 
tliat the slots in the piston rings are spaced equidistant on the 
piston and if pins arc used to keep the ring from turning one 
should be careful to make sure that those pins fit into their holes 
ill the ring and that they are not under the ring at any point. 
Tractically all cylinders arc chamfered at the lower end to make 
insertion of piston rings easier. The operation of putting on a 
cylinder easting over a piston really requires two pairs of liamls, 
one to manipulate the oylindiT, flic other person to close the rings 
as they enter the cylinder. This may be done very easily by a 
simple clamp member niatie of sheet brass or iron and used to close 
the ring us indicated at lill, A. Jl is aiqmrent that the clamp 
which is sliow'n at must be ad insted to each individual ring and 
that the split iiortion of the clamp must coineUle with the split 
portion of the-ring. The cylinder should be well oih^d before at¬ 
tempt is made to install the pistons. The engine should be ruu 
with more than the ordinary*araount of lubricant for several days 
after new piston rings have been inserted. On first starting the 
engine, one may be disappointed in that the compression is even 
less than that obtained with the old rings. This condition will 
soon be remedied as the rings become polished and adapt themselves 
to the contour of the cylinder. It wdll take fully 100 miles of road 
work to bring the rings to a sutfieicntly good fit so that a marked 
improvement in the compression will be noticed. 

How Wrist Pins Are Held. —While the repairman is working 
on the pistons there is one important member of the piston as¬ 
sembly that sliould receive attention and that is the pin on which 
the upper end of the connecting rod swings. These are held in 
place in a variety of ways, the most common of which arc shown 
^at Fig. 132. In some forms of pistons the piston pin is a tight fit 
in the bosses and it is necessary^ to force it out. The method of 
doing this is clearly outlined at Fig. 129, F. This calls for the 
use of a sxieeial clamp fitting having a hole at one side sufficiently 
large for the wrist pin to pass through aud carrying a forcing 
screw at the other. The screw passes through a nut w'iiicli is kojit 
X 



206 


AuiomobiJe Bepainny Made Batty 

from turning by bonding the baud around it. Any motion of tbo^, 
.screw that will advance it into the nut will lend to force out the 
wrist pin without injuring that member. 

The means of locking the wrist i)iu in place that have been 
used are legion, but those depicted are the. most coiniiioxi. Tlint 



Fig. 132.—Conv^tional Methods of Piston Fin Betentlon. 

at A, involves the mho of a ael aorew passing through one of tflo 
piston bosw-s and into the wrist pin as indicated. This method is 
not the ]»refepn*d eoiutructioii on account of the liability of the 
lock nut to hecoine loose and the set screw to unscrew itself from 
vibration and drop into the eugiiie base where it may do con- 
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siderable damnge. ‘WTien locking screws arc employed, the methods 
of reteution shown at B and (\ an? considered superior. Jn the 
foriiior holes arc drilled through the heads of the set screws and a 
piece of spring wire passed through them as indicated. Where a 
hollow wrist pin is used the cud of the set screw may he provided 
with a hole to receive a sjdit ])in. Tim juitbod of keeping the 
wrist pin in place shown at D, involves the use of a spring pressed 
pliingop which is housed in a suitable boss cast on one side of the 
piston. In order to remove a wrist pin held by this metliod it is 
necessary to use a j)ieco of stilT wire siieli as a hicych; .spoke and to 
push the plunger back out of the wrist pin. Tlu‘ wrist i)in is then 
jruned slightly to oikj siihi .so that the end of the plunger will rest 
on the wrist pin and the piece of stilt wire nuiiovetl. It is Iheii an 
easy ina(l(‘r 1o ]>iish the wrist pin out of the bosses. Tluj melliod 
depicted at K, is self-ejiplaualoiy, a retaining ring similar in cou- 
stniction to a j)islo]i. ring, but somewhat wider j>yssing entirely 
around the piston in a suitable groove cut around tlie zone of the 
wrist, pin bosses. The method oa11ine<I at F, received wide tapjdi- 
calion on earlier engines, bnt is not much used at the present time. 
«In Ibis tlie hollow wrist pin was slotted at four points at each end, 
and was provided with a tai)eriiig thread into wliieli a correspond* 
ingly formed plug was sorewe-d to expand the wj'ist i)in against 
the bosses. In all of the forms outlined, the wrist pin is to be 
held from rotation while the connecting rod oscillates on it. In 
the form shown at G, the wrist pin oscillates in the i)iston bossi’s 
and the conncctiug rod is tightly claTni>ed to the wTist pin by a 
suitable clamp bolt. To remove the WTist pin it i \ necessary t<‘ 
take out the clamp bolts which will permit the piston boss l( 
spread enough to release its Jiold on the wrist pin. 

Wrist Pin Wear. —"While wrist pins are usually made of very 
tough steel, case hardened with the object of wearing out an easily 
^renewable bronze bushing in the upper end of the connecting rod 
rather than the wrist pin it sometimes haj^pens that these members 
will be worn so that even the replacement of a new bushing in 
the connecting rod will not reduce the lost motion and attendant 
noise due. to a loose wrist pin. The only remedy is to fit new wrist 
'y)ins to the piston. Where the connecting rod is clamped to the 
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Fig. 133.—Showing Method of Supporting Crankcase to Frovide Beady 
Access to Connecting Bods and Crankshaft Bearings. 

wrist pin and that member oscillates in the piston bosses the wears 
will usually be indicated on bronze bushings which are pressed into 
the inston bosses. These are easily renewed and after running a 
reamer through them of the proper size no difficulty should be 
experienced in replacing either the old or a new wrist inn depend¬ 
ing upon the condition of that member. 





Main Bearing Troubles 2S9 

Inspection and Befittin^r of Engine Bearings.—^AVhile the en¬ 
gine is dismantled one has an excellent opportunity to examine 
tlie various bearing points in the engine crankcase to ascertain 
if any looseness exists due to depreciation of the bearing surfaces. 
As will be evident from tlie views at Figs. 133 and 134, both main 
crankshaft bearings and the lower tnd of the connecting rods may 
bo easily examined for deterioration. AVith the rods in place as 
sliown at Pig. 133, A, it is not difficult to feci the amount of lost 
motion by grasping the connecting rod firmly with the hand and 



rig. 134.—Top Half of Crankcase Showing Method of Crankshaft Beten- 

tion by Three Main Bearing Caps. 


moving it up and down. The appearance of the engine l)asc after 
the connecting rods and flywheel have been removed from the 
crankshaft is shown at Fig. 134, while the appearance of the upper 
portion of the crankcase after the crankshaft is removed is clearly 
»shown at Fig. 133, C. 

After the connecting rods have been removed and the flywheel 
taken off the crankshaft to permit of ready handling, any looseness 
in the main bearing may b*e detected by lifting up on either the 
front or rear end of the crankshaft and observing if there is any 


lost motion between the shaft journal and the main bearing caps. 
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It is not necessary to taVe an engine entirely apart* to examine 
ilie main bearings as in some forms these may he readily reached 
l>y removing a largo insp<?ction plale either from the hottom or 
side of the engine crank case. In the AVinton engine, vhich is 
sImuvji at Fig. 1d5, a distinctive method of ci'ank case constrnctiou 
is used in vliicli that meniher is divided vertically instead of hori¬ 
zontally as is the usual })ractico. Onedinlf of the crank case may 
he ivinoved, this leavitig tins crankshal't and connecting rods snp- 
jmrted hy the other half. It is not necessary to remove the cylin¬ 
der casting to gain access to tiie crank case interior. Tins type of 
eonstrnction is rare, however, and is lonnd only on the engine de¬ 
sign opilined. The syni]>toms of Wi*ru main heai’ings are 7if»t lianl 
to identify. If an engiin* kiioeks ■wlifti a vehicle is traveling over 
level roails regardless of sj)eeil fir spark lever position and the 
I rouble is not duo to t-arhoii deposits in the comhnstion chamber 
one jway reasfinahly surmise that the main hearings have hceomC 
loose or that lost niotifui may exist at the coniUHtting rod big ends, 
and possibly at the wrist jiins. The main journals of any well 
designed engine are usually pi'oportioned with amjde surface and 
will not wear unduly unless lubrication lias been ncglectfid. The 
connecting rod boariuLfS wear ipiickcr than the main bearings ow¬ 
ing to being su))ject(*d to a greater imit stress find it may bo neccf, 
sary to take thesfi up several times in a season if tlie car is driven 
to any extent. Main bearings should run for ten thousand miles 
without attention in a properly built engiiie that has always been 
well oiled. Most eonuecting rofi bearings will loosen up enough 
to he taken up in live thousand miles. 

Adjusting Main Bearings.—Wlien tlie beari.igs are not worn 
enoiigli to rcfiuirc rclilling iho lost motion can otcen b(‘ eliminated 
hy rf'iiioving one or more of the thin shims or liners ordinarily 
used tf> separate the bearing caps from tlic scat. These are shown 
at Fig. ]lll, A. Caj‘e must l»e taken that an even number of shims 
of the sfime tluckiicss aif* removed from each side of the journal. 
If there is considerable lost motion after one or two shims have 
been removed, it will be advisable to lake out more shims and to 
scrape the bearing to a fit before tlifj bearing cap Is tightened up. 
It may be necessary to clean up the crankshaft journals as these 



xxaiOtn,ooUe itepairing Made Kasy 



Fig. 136.—^PiocesBea and Tools Necessary for Bearing Bestoration. 


may be scored duo to not having received clean oil or having had 
bearings seize upon them. It is not difficult to true up the crank 
pins or main journals if the score marks are not deep. A fine file 
and emery clotli may be used, or a la^lping tool such as depicted 
at Fig. 186 , B. The latter is preferable because the file and emery 










Truing Crankshaft Journals 

cloth wiU only tend to smooth the surface while the lap will have 
the effect of restoring the crank to proper contour. 

A lappiup tool may be easily made as shown at B, the blocks 
being of lead or hard wood. As the width of tlicse are about half 
that of the crank pin the tool may be worked from side to side os 
it is rotated. Another form of lapping tool and. the method of 
using it which is practically tlic same as that we are now describing 
is shown at Fig. 139. An abrasive paste composed of fine emery 
powder and oil is placed between the blocks, and the blocks are 
firmly clamped to the crank pin. "While the approved method is. 
to place the shaft between lathe centers as shown at Pig. 141, and 
revolve it slowly, guiding the Japping tool with the hand as the 
sliaft revolves, the lathe is not always available. In that case the 
crankshaft may be clamped to the work bench as indicate.<l at Fig. 
13C, C, and the lapping tool turned by hand around the stationary 
eranksliaft. It may not be nccessai*y to remove the crankshaft 
from the engine ba.se as a lapping tool may be used without difii< 
culty under the conditions shown at Fig. 139, C. As the lead 
blocks bend down, the wing nut should be tightened to insure 
that the^brasive will be held with some degree of pressure against 
the shaft. A liberal supply of new abrading material is placed 
between the lapping blocks and crankshaft from time to time and 
the old mixture cleaned off with gasoline. It is necessary to main¬ 
tain a side to side movement of the lapping t(K)I in order to have 
the process affect the whole width of the crank pin equally. The 
lapping is continued until a smooth surface is obtained. 

If a crank pin is worn out of true to any extent the only method 
of restoring it is to liave it ground down to proper circular form 
by a competent mechanic having the necessary machine tools to 
carry on the work accurately. In order to support a crankshaft 
in a lathe or grinding machine special foi^ms of dogs may be used 
or special crankshaft supporting fianges may be made of cast iron. 
An adjustable dog is shown at Pig. 140, A. This has a movable 
center pad which can be moved up and down to provide for vary¬ 
ing distances between the. center line of the crank pin and the 
crankshaft when turning the crankpins. It is not difficult to sup¬ 
port a crankshaft in a lathe when the work is to be done on the 
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main journal. Tins oau be easily ae.oomplislied by Iho nso of 4 
regular pattern Intlie dogs and baek rest ns sliown at Vig. 141, A. * 
Maebining the crank throws is more difficult as the crankshaft 
mast bo revolved ecoontrieally or on the crank pin centers instead 
of the main journal centers. The use of tlie special supporting 
flanges shown at Kig. 140, P», is dearly oufliued in (he huvor por¬ 
tion of Fig. 1 M. It is necessary to use counterweights in order to 
balance the weight overliunging the center and to insure smooth 
rotation of the crank shaft. The journals may ))e niadiined either 
by putting itn a very fine feed and u.sing the conventional pattern 
of turning tools if the shaft is soft, or the journals may be ground 
if they are hard, if a grinding attachment is availahlt*. 

Tlio manner in which the adjustable dog or sjmeial erankshafl 
Mipporling fhnige works <'au l)e easily understranl by 7 ‘eforring to 
the drawing at Fig. 140. The distauee between Uie <‘enter of the 
crank pin and crankshaft main journals depends entirely uj)on the 
.stroke of tlio piston. This distance is invariably half of the stroke. * 
For example, in an engimi having a 5-inch stroke, the distanci* 
between the center lines would be 2 }/. inebes. If suitabh* center 
holes are drilled in the face of the su]>port’iig flange at the proper 
distances from the crankshaft ccjitcr it will la* j^ossibh* to line up 
the flange filti 7 igs vei*y aceuratdy to the crank pins and to sup¬ 
port the shaft in such a way that the crank pins will revolve on 
the main centm* line passing through the lathe cenlers. This, of 
course, is essential in order to machine the shaft joiinml and crank 
pins true. 

After the crankshaft is trued the next operation is to lit it to 
the main bearings or rather to s<.Tape these inemhc!*s to fit the 
shaft journal. Jn order to bring the brasses elcMser together, it may 
be necessary tf> remove n little metal from tlm edges of the caps 
to coniponsalc for the lost niotiou. A very simple way of doing 
this is shown at Fig. 136, D. A piece of metlinra emery cloth is 
rested on the surface plate and the box or brass is pushed back and 
forth over that member by hand, the amount of pressure and 
rapidity of movement being determined by the amount of metal 
it is necessary to remove. This is better than filing because the 
edges will be flat and there will be uo tendency for the bearing 
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caps to rock when placed against the hearing seat. It is important 
lo take enough off the edges of tlie boxes to insure tliat they will 
grip the crank tightly. Tlic outer diameter must be checked with 
a pair of calij)ers during this operation to make sure that tho 
surfaces remain i)arallcl. Otherwise, the bearing brasses will oub' 
grii> at one (uid and witli such iiisuflicie?it sufjport they will quickly 
W'ork loose, both in tin; bearing seat and bearing cap. 

Scraping Brasses to Fit.—To insure tliat the bearing brasses 
will be a good fit on the trued up crank pins or crnTikshaft journals. 



they must be serai)ed to fit the various craukshaf. journals. The- 
process of scraiuiig, wJiile a tedious one, is not difficult, requiring 
only patience and some degree of care to do a good job. The sur¬ 
face of the er-ink i)in is smeared with Prussian blue pigmeJit which 
is spread evenly over the entire surface. The beariugs are then 
clamped together in the usual maiiuer with the proi)er bolts and 
the crankshaft ivvolved several times to indicate the high spots 
on the bearing cap. At the. start of the process of scraping in, Lho 
bearing jnay seat only at a few points as shown at Pig. 13(>, G. 
Continued scraping will bring the bearing surface as indicated at 
t, H, which is a considerable improvement, while the process may be 
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considered complete when the brass indicates a bearing all over 
as at I. The high spots arc indicati'd by blue, as where the shaft 
does not bear on the boariug there is no color. The high spots are 
removed by means of a scraping tool of the form shown at Fig. 
136, V, which is easily made from a worn out file. These are 
forged to shape and ground liollow as indicated in the section and 
are kept properly sharpened by fre«iuont ruh])ing on an ordinary 
oil stone. To scrape ]»ro})erly, the. edge of tlu‘ scraper must be 
very keen. 

Olhei* forms of scrapers used in machining opepalions are 
shown at Fig. 337. The flat scraper A, is used for plain surfaces 
For ordinary ns(* the blade is about thick, about 1-inch 

wide and is drawii at the j)oint to a thickness of about 
Th<* (Milting edge is made as hard as p«fRsible. The hook .scraper 
li, is also used on flat surl’aeea. The straight and curved half 
roiuul siM’apcrs shown at C and 1), are u.se<l for bearings, The 
three* cornered scraper ontlined at E, is also used on cunM'd sur¬ 
faces and is of value in rounding off llie sluivp coriu*rs. For 
scraping very large engine Ixjarings, such as used for stationary 
work the two handle scrajier shown at is valuable, though there 
arc not many api>liealioiiH in automobile work where this type of 
tool is necessary. The straight or curved half round type works 
well on Roft-b(‘aring metals, such as babbit, or white brass, but on 
yellow brass or bronzes it cuts very slowly, and as soon as the edge 
becomes dull considerable ])ressnre i.s needed to remove any metal, 
this calling for fr(?queut sliarp(*iiing. 

When correcting errors on flat or curved surfaces by hand scraii- 
ing, it is desirable, of course, to obtain an evenly spotted bearing 
with as little scraping as possible. When the part to be scraped 
is first applied to the surface-plate, or to a journal in the case 
of a bearing, three or four “high” spots may be indicated by the 
marking material. The time required to reduce these high spots 
and obtain a bearing that is distributed over the entire surface dc* 
pends largely upon the way the scraping is started. If the first 
bearing marks indicate a decided rise in the surface, much time 
can be saved by scraping larger areas than are coven*d by the 
bearing marks; this is especially true of large shaft and engine 
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bearings, etc. An oxpeTioncod workman will not only remove the 
heavy marks, but also reduce a larger area; then, w’hen the bearing 
is tested again, the marks will generally be distributed somewhat. 
If the heavy marks which usually appear at first are simply re¬ 
moved by light scraping, these ‘‘point bearijigs” are gradually 
enlarged, but a much longer lime will l»e required to distribute 
them. 

Tho lUirnlKT of limes tlie bearing must bo applied to the journal 
for testing is important, especially when tlic box or bearing is 
large and not easily handled. Tho time rccinired to distribute the 
bearing marks evenly depends largtdy upon one*s judgment in 
“reading’’ these marks. In the early stages oi' the scraping oj)cra- 
tion, tho marks should be used partly as a guide for showing the 
high areas, and instead of merely scraping the ntai’ked spot the 
surface sun’oundiug it shoulil also 1 m‘ r<*iUiced, unless it is evident 
that the unevenness is local. The idea should he 1o obtain first 
a few large but generally distributed marks; tlieii au evenly and 
finely spotted .surface can be produciid quite easily. 

In fitting brasses when thesis are <if the removable typo, two 
methods may bo used. The upper half of the engine base may be 
inverted on a suitable himcli or .stand and the boxes fitted by plac¬ 
ing the crankshaft ui position, clamping down r»nc bearing cap at 
a time and fitting each bearing iu succession until they bed equally. 
Prom that time on tho b(‘nrings should be filled at the same time 
so the shaft will be parallel with the boltom of tiic cylinders. (Con¬ 
siderable lime and handling of the lu*avy erankshafl may be savi‘d 
if a preliminary fitting of the bearing brasses is ni )de by clamping 
thorn together with a earpcnbjr’s wood clamp as shown at Pig. 
136, J, and leaving the crankshaft attached to the la'nch as shown 
at C. The brasses are revolved around the crankshaft journal and 
are scraped to fit wherever higli spots are indicated until tliey 
begin to seat fairly. Wlicn the brasses assume a finished appear¬ 
ance the final scraping should bo carried on with all bearings in 
place and revolving the ci’ankshaft to dPterniine the area of the 
seating. When the brassed are pn»perly fitted they will not only 
show a full bearing surface but the shaft will not turn unduly 
hard if revolved with the same amount of leverage as afforded by 



278 


^iuiomobilc Jh’pairiay Made Eani) 


the flywlirel rim ov stiirtiiig i;ranlc, all b(‘aring caps being propci’Iy 
bedded down and Inbriratod. 

Bearings ol* while inelal or babbitt can 1)0 fitted tighter than 
those of bronze, and care must be observed in supplying lubricant 
as considerably more than the usual amouiil is ne(!dcd until the 
bearings arc run in by severjd hundred miles of road work. Be¬ 
fore the sorapijig i)roces.s is started it is well to chisel an oil groove 
in tile bearing as shown at Fig. 13G, L. Grooves arc very helpful 
in insuring uniform distribution of oil over the entire width of 
hearing and at the same time act as resciwoirs to retain a .supi>ly 
of oil. The tool used is a round nosed chisel, the etfort being nuulo 
to cut the grooves of nuifonu depth and liaviiig smooth sides. Care 
should he taken not to cut tlui grooves too deoidy as this will 
seriously reduce the strength ot* the hearing bushing. The shape 
of tJie groove ordinarily provided is clearly shown at Fig. 136, G, 
and it wall be observed that the grooves do not extend clear to the 
edge of the hearing, biit stop* about a quarter of an inch from that 
point. The hole through wliieh the oil is supplied to the bearing 
is usually drilled in s\ich a way that it will eomrauuieatc wdth the 
groove. 

The tool shown at Fig. 136, K, is of recent dcvelopmeut and is 
known as a “crankshaft oqualizei.” This is a hand operated 
turning tool carrying cutters wliieh are intended to smooth down 
scored crank pins without using a lathe. The feed may he ad¬ 
justed by suitable serew’s and the device may be fitted to crank 
pins and shaft j(»umaJs of difierent diameters by other adjusting 
screws. This device is not liard to operate, being merely clamped 
around the crankshaft in the same manner as the lapping tool 
previously described, and after it has been properly adjusted it 
is turned around by the levers provided for the purpose, the con¬ 
tinuous rotary motion removing the metal just as a lathe tool 
would. 

Remetalling and Fitting Connecting Rods.—Fitting and ad¬ 
justing rod bearings, especially those at the crank pin end, is one 
of tile operations that must be performed several times a season 
if a car is used to any extent. There are two forms of connecting 
rods in general use. known respectively as the marine type, shown 
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Vig:. 1:i8. A, and llio hiiigtid form depicted at J*'ig. 138, B. The 
liitigc type is tlio simplest, hut oik* clamp bolt being used to Itecp 
the i>arts togetlier as the cap is liinged to the rod end on one side, 



rig. 138.—Outlining Common Types of Connecting Bod Big Ends. 


this permitting tlie lower portion to swing down and the crank 
pin to pass out from betiveen the halves wJicn the rtdaining boll 
is removed. In the marine type, which is the most common, one or 
I two bolts arc <*mployed at each side and the cap must be removed 
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t*iitiroIy before the beiiring ran be taken oil: of the crank pin. 
The tightness of the brasses around tlie crank pin can never be 
deternujied solely by the adjustment of the bolts, as while it is 
important that these should be drawn up as tightly as possible 



Fig. 139.—Simple Lapping Tool for Crank Fin and Method of Use, 


the bearing sboxdd fit the shaft without undue binding, even if 
the brasses must be scraped to insure a proper fit. As is true of 
the main bearings, the marine form of connecting rod has a number 
of liners or shims interposed between. {\\e top and lower portions 
of the rod end and these may be reduced in number when neces¬ 
sary to bring the brasses closer together. 




















Fitting Bearing Brasses 281 

In fitting new brasses tliei*e are two conditions to be avoided, 
tliese being outlined at Fig. 138, 0 and J). In the case shown 
at () the light edges of tlie bushings are in contact, but the connect¬ 
ing rod and its cap do not meet. When the retaining nuts are 
tightened the entire strain is tahen on the comparatively small 
area of the edges of the bushings which aj'c not strong enough to 
withstand the strains existing and which flatten out quickly, per- 



Fig. 140.—Adjustable Center Lathe Dog and Crankshaft Supporting 
Flange for Use in Turning Crank Pins on Lathes. 

mittiug the bearing to run loose. In the example outlined at D 
the edges of the brasses do not touch when the connecting rod cap 
is drawn in place. I'his is not good practice*, because tlie brasses 
soon become loose in their retaining meroher. In the case outlined 
it is necessary to file off the faces of the rod and cap until these 
meet, and to insure contact of the edges of the brasses as well. 
In event of the brasses coming together before the cap and rod 
make contact, as-shown at C, the bearing halves should be reduced 
at tbe edges until both the caps and brasses meet against the 
. surfaces of the liners as shown at A. 
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Before nsseiiiblinj' on tl>c sJiafl, it is necessary to fit the hearings 
hy scraping, the same instructions given for restoring the contour 
of the main bearings a])plying just as well in this ease. It is 
apparent that if the crank pins arc not round no amount of 
scraping will insure a true bearing. A point to oljservo is to make 
sun* that llie lieads of tlie bolts are imbedded solidly in their 
proper posilioir and that they are not raised by any burrs or 



Pig. 141.—^At A, Method of Supporting and Driving Crankshaft for 
Turning Main Bearings. At B, Showing Use of Crankshaft Support¬ 
ing Flanges when Machining Crank Pins. 


particles of dirt under the liead wliich will flatten out after the 
engine has been run for a time and allow the bolts to slack off. 
Similarly, care should be taken that there is no foreign matter un¬ 
der the brasses and the box iu whicli they seat. To guard against 
this the bolts should bo stmek with a hammer several times after 
' they are tightened up. and the connecting rod can be hit sharply 
i several times under the eai> with a wooden mallet or lead hammer. 
\ It is important to pin the brasses in place to prevent movement, 
'.as lubrication may be interfered wdth if the bushing turns round 
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anil breaks tbe correct ri'gistcr between the oil liole in the cap 
and brasses. 

Care should be taken in screwinj? on the retaining mils to 
ijjsnre that they will renmin in ])lnee and not slack o(V. Spring; 
washers sbotild not be used on either connectin*? rod ends or main 
i)earinjj; bolls, beeanse these soinelimes snap in two ])ieees and 
leave the nut slaek. The best method oT loekinj? is to use woll- 
lUtinp split phis and castellated nuts. Tii a number of the cheaper 
ears, the bi'ariiifr metal is ea.<t in ]daee in the conneetin}^ rod lower 
end and in main hearings, ami is not in the form of removable 
die cast, bushings as an* used on the more expcn.sivi* cars. Tlie 
re^niinnaii who is called ii]m)u to replaci* the liearing metal will 
find tlic rollowing insiruellons regarding remetalling bearings of 
value. Tlie mellmd deserllu'd was used by the writer while in 
charge of a large sliop wlien* jniieh work of! Ihi.s kind was done 
and while tlie insiructions given apply .spetifically to lining tlic 
big ends of I'omieeliiig rods, the .same jiroeess may be used sue- 
e(*ssCully on any other beariiig.s wliero the niandrol and collars 
can be used, the dimensuajs being changed to suit the requirements 
of the worker, 

Tn the case mentioned the journals of the erankshat’t were two 
inches in diameter and the big ends of the coriueeting rods wore 
woin too much to allow of adjusting. A piece of pipe about 9 
inches long was ]n‘oeurcd and turned (h^wn in a lathe until it was 
a shade under 2 inelies in diameter, wliieli made a liidlow mandrel 
of it. A picec of steel tubing could have been used to as good 
advantage bad any been available. As the outside of the bearing 
caps were maebiued irnc a eonple of set collai ? were bored out 
to be a good fit ou the mandrel, and while still in the lathe they 
w'cre recessed out to just fit over the outside of the big ends, as 
sliown in ak<*teh Fig. 4. One of these eollar.s was placed on the 
hollow mandrel A, after which the mandrel was pnsh(*d through 
the big end, and. the otlier collar was put on the other side, insur¬ 
ing that the mandrel was as near center as possible for it to be. 

The assemblage is then supported on a eonple of V-blocks, which 
are supported on a lathe bed, the ends of the mandrel lying w’ithin 
the V^s while tlie connecting rod hangs between the ways. A piece 
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Tig. 142.—Sboviu^ Simple Method of BemeltalUog Oonnectlng Bod Bear¬ 
ings at A, and Waps of Measuring PaiaUelism of Upper and Iipwer 


Connecting Bod Beaxlngs at B and O. 
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of solid round iron or steel whicli will go inside of the hollow 
mandrel should be made red hot while the auti-friction metal is 
being melted and is pushed inside the inaudrel to heat it. In a 
minute or two the metal may be poured in through B to fill D, 
and as the metal and the big end caps are w’ell heated the molten 
metal will flow to every point. The heating of the mandrel cati 
he just as well accomplished hy directing the flame from a blow 
torch or Bunsen burner into the o]ieniiig. After the metal is 
poured and has set the whole may be easily cooled by running 
water through the mandrel or by directing a blast of air against 
the big end, as desired. 

Before the cap is assembled with the* connecting rod several 
sliims or liners of sheet brjvss or cop]><*r should be placed between 
them so that adjustment for wear of the new bearing can be com¬ 
pensated for by the removal of a liner. As is evideJit, the thinner 
the liner and the greater the Dumber used, the more sensitive the 
character of adjustment possible. 

The use of a liollow mandrel is to be preferred to a. solid one 
because of the ease with which it can ]>o heated and cooled. Vents 
should be made for the heated gases by grooving the face of each 
of the collars nearest the big end and on the same side as the 
hole through wdiich the metal is poured. If pi’ovisiou is not made 
for “venting'' the molten metal will not run uniformly and will 
become honeycombed. After cooling the bearing is cither bored 
out in a lathe to the size of the journal or scraped to a fit by hand. 
The method of pouring the molten metal is clearly sliow’n while 
the sectional view makes the comstruction and application of the 
mandrel clear. The same method may be used to ^ebabbitt main 
boxes except that a pair of collars will be needed for each bearing 
aud a long mandrel used. 

Testing Bearing Parallelism.—It is not possible to give other 
than general directions regarding the proper degree of tightening 
for a connecting rod bearing, but as a guide to correct adjustment 
it may be said tliat if the connecting rod cap is tightened suffi¬ 
ciently so the connecting rod will just about fall over from a 
vertical position due to the piston weight when the bolts are fully 
tightened up, the adjustment will be nearly correct. As previ- 
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ously stak'd, ])ab))jtt or white metal bcariiij^s can be set. up more \ 
tiglitly than bronze, as the metal is softer and any higli spots will 
soon be leveled down with the running ol* the engine. Tt is imi)or- 
tant that caie be taken to preserve parallelism of the wrist pins 
and crankshafts wliilo seruping in Ix.'arijigs. This can he deter¬ 
mined ill two ways. Tiiat shown at Fig. 1-12, 15, is used when 
the parls are not in the. engine assembly and when the connecting 
rod bearing is being fitt«'d to a mandrel or arlmr the same size 
as Iho crank pin. The. arlior, wliieh is finished very smooth arnl of 
uniform diameter, is placed is two V Mocks, wijicli in turn are 
supported by a level surface, plate. An adjiislable height gauge 
may be tried, first at one side of llie wrist pin w'hicli is placerl at 
the upper end ol* tlie e.onneeting rod, tln'n at llic other, and any 
variation will )>e easily deienuirted by llio d<*gree of tilting of the 
rod. This lest lua.s Im made with the wrist j)in alone, or if the 
piston is in [dace, a straight edge or .spirit level may be employed. 
The spirit level will readily sliow any ineliniition w'hile the .straight 
edge is used in connection with the height gauge as indicated. 

When tlic connee.ting rtnls are being fitted wdlb tlm crankshaft 
in plaee in crank<‘ase, and that member .secured in the frame, a 
steel sijunro may be used as it is r(^asoiiJi)>lc to as.sume that the. 
wrist inn, and eonscqueiitly the pislon it carries, .should observe 
a true relation with llic top of the engine, base. If the piston side 
is at right angle.s with the top of Iho engine bjjse it is reasonable 
to assume that the wri.st jdn and crank ]»in arc parallel. If the 
piston is canted to one side or the other, it will indicate that the 
bra.ssos have been scraped tapering, which w'onld mean consider¬ 
able heating and unciuo friction if the piston is insialU^d in the 
cylinder on account of the jin-ssurt} against one portion of the 
cylinder wall. The Uciglil gauge method shown above may bo 
used instead of the .steel s<iuare, if designed, bceaiLse tlie top of the 
crank case is planed or milled true and should be pavallol w’ith 
the center line of the crankshaft. 

On the new' eight-cylinder V types of engines which are fitted 
on several models of 1015 cars the connecting rod design is dif¬ 
ferent from that ordinarily used, as it is sometimes necessary to 
have two rods working from the same crank pin. The construction 
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Fig. 143.-~Stio'wing Construction of Connecting Bod Needed with Bight 
Cylinder V Engine Unless Carried Side by Side on Crankpins. 

follows very closely tliat used in motorcycle onpines of the two- 
cylinder V form. Two metlmds of connecting rod arrangement 
are shown at Fig. 143. Tn tlie example at tlie top of the illus¬ 
tration, connecting rod A ’has a forked end which encircles the 
main crank pin bushing. These ends are of the usual marine 
type, straddling the big end of rod B, which is free to oscil* 
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late on the crank pin bushing. Care must be taken to fit rod 
A in such a manner tliat it will be clamped tightly around the end 
of the main crank pin bushing so that member will move in 
unison with rod A. The method outlined in the lower view uses 
a master or main rod A of the conventional pattern, excepting 
that a slotted boss is forged on one side of the connecting rod 
to take the lower end of rod B, which hinges on a suitable bear¬ 
ing pin. The crank pin bearing works in cc>nncetion with main 
rod A just as in a fonr-cylinder engine, and the point to be watched 
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Pig. 144.—Showing Practical Application of Ball Bearings for Crankshaft 

and Camshaft Support. 

for wear is at the binge where rod B fastens to the main rod. 
The same method of fitting brasses that has been previously de- 
•scribed in connection with the conventional forms of bearings apply 
just as well to the special type, though .somewhat greater care will 
be necessary in fitting the yoke or forked end rod construction 
than is required with the simpler bearing subject to wear only at 
its inner periphery. 

Ball Bearing Crankshaft. —A number of automobile engines 
utilize ball bearings for supporting the crankshaft as outlined at 
Figs. 144 and 145. 'While these bearings are usually selected so 
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fore, is a simple one, consisting mainly of forcing off the worn 
members and forcing on new ones in tlieir place*. The method of 
bearing retention outlined is a common one. One of the bearings, 
in this case the rear one, has the outer race securely held against 
end movement in the retaining lioiisiugs, while the inner race is 
also tightly clamped around the eraiiksluifl .louriial by means of 
a spacing waslier and flange nieiiiher liglilly pressed against the 
beating iniK'r race by a suitable clamping nut. The front main 
bearing has only the inner race damped. The crankshaft tiiaiug 
gear sorvas to transmit the end piv'ssure of the nut on the front 
end of the shaft, wliidi has the starling dogs or ratchet formed 
at one end. The idea of this is so that tlie pre-ssure applied to start 
llie engine with tljc haiul crank will result in keeping the clamping 
nut tight <lue to tlie leverage of the crank. The center main 
bearing lias a floating ont<T race just a.s the frout bearing has. 
This means that neither (rf these b<*arjngs Avill be called upon to 
resist end thrust auii insures that thc'y will be subjected to only 
ladial loads. The inner ra<*e of the center main bearing is damped 
against the .suitable shoulder by a slit bushing \Yhieli encircles the 
crankshaft and wiiidi takes up the space hclwcen the heanug inner 
race and the cranksliaft web. Most engines using ball bearings 
have crankshafts of tlm two bearing form, wliieli means that the 
renter hearing is eliniinatod and only the end bearings used. This 
construction has been made j)ossihle by the almost universal prac¬ 
tice of casting four cylinders “en bloc,” but the bearings are held 
in the same manner. The iiistructions given for the care and 
installation of ball bearings in the chapter on running gear com¬ 
ponents applies just as well to those used for crankshaft support. 

Camshafts and Timing Gears. —Knocking sounds are also evi¬ 
dent if the camshaft is loose in its bearings, and also if the cams 
or timing gears are loose on the shaft. The camshaft is usually 
supported by solid bearings of the removable bushing typo, having 
no compensation for depreciation. If these hearings wear the only 
remedy is replacement with new ones. In the older makes of cars 
it was general practice to machine the cams separately and to 
i secure these to the camshaft by means of .taper pins or keys. 
These members sometimes loosened and caused noise. In event of 
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the cams being loose, care should be taken to use new keys or 
taper pins, as the case may be. If the fastening used was a pin, 
the hole through the camshaft will invariably be slightly oval from 
wear. In order to insure a tight job, the holes in cam and shaft 
must be reamed witli tlic next larger size of standard taper reamer 
and a larger pin driven in. Another point to watch is the method 
of retaining the camshaft gear in place. On some engines the 
gear is fastened to a flange on the camshaft by retaining screws. 
These are not apt to become loose, but whc!r(> reliance is y^laced 
on a key the can:shaft gear may often be Icxise on its supporting 
member. The only remedy is to enlarge the key slot in both gear 
and shaft and to fit a larger retaining key. 

If the eamshaft is sprung twisted it will alter the valve 
liming to .siieh an ext<‘iJt Hint tlie smoothness of f>peration of the 
engine will be materially alfecterl. If this cnnditiuii is suspected 
the crankshaft may he s\'iing on lathe ecnlers and turned to sec 
if it runs out Sj’id can bo straigliloJied in any of the usual form 
of shafl-straighlening luachines. The shaft may be twisted with¬ 
out being signing. This can only he delerniined hy siip])ort!ug one 
end of tlie shaft in an index head and the other end on a milling 
machine center. The cams arc then ciiceked to see that they are 
separated by the proper degree of angularity. This process is one 
that rojnires a thorough knowdedgo of tlie valve timing of the en¬ 
gine in (juestion, and is best clone at tlie factory wliere the engine 
was made. Thi'. liming gears should also be exaniiiied to see if the 
teeth are worn enougli .so that eonsiderablo back lash or last mo¬ 
tion exists between llicin. This is especially impi.rtant where worm 
or spiral gears are used. X woru timing gear m t only produces 
noise, but it will ciuise the time of 0 ])ening and closing of the 
engine valves to vary iimttu-ially. 

Valve Timing Methods.—Ainoug the important factors making 
for efficient oi»'ratioii of the gas or gasoline engine, especially 
of the multiple cylindej* type used for automobile propulsion, (here 
is none of more importance than proper valve timing. Tji a foui’- 
cylindcr four-cycle moto^ there are eight of those members, two 
to each cylinder, the function of the inlet valves being to permit 
the cylinders to fill with gas while the exhaust valves open to 
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clear the cylinders of the products of combustion. The inlet valve 
usually opens when the piston is at approximately the top of its 
stroke in the cylinder, or during that portion of the engine cycle 
where the piston is starting to go down to draw in a charge of 
gas. This valve is opened a period equal to the dowustroke of the 
piston, and somctinios more, but is closed during the snccoodittg 
compression, explosion and scavenging strokes. The oi»oralion of 
the exhaust valve is very much the same as the inlot, except tluit 
it is opened for a longer period, starting to open before the piston 
has completed the downward stroke produco<l by tlie explosion 
and is sometimes opened slightly after the einl of the return or 
scavenging stroke. 

It is important that the valves open and close according to the 
timing instructions issued by the maker of the motor if maximum 
efficiency is to be obtained from the power plant. As the valvrs 
are operated by cams, which in turn are mounted on and driven 
by a shaft turning at half the crankshaft speed, the periphery of 
the flywheel rim may be utilized to indicate the valve timing of 
the motor by means of suitable marks which will register with a 
trammel or indicator point usually fixed back of the rear cylinder 
with the pointer exactly on the longitudinal center line of the 
engine. At first glance the marks on the flywheel may be con¬ 
fusing, but they arc easily understood if one considers the basic 
operation of a four-cylinder four-cycle motor and remembers that 
an explosion must take place in some cylinder for every period 
indicated by one half revolution of the flywheel. As the valves 
are usually timed to remain open a definite number of degrees 
measured by the crankshaft rotation, the timing may be accom¬ 
plished in two ways, that previously described by following fly¬ 
wheel markings or by noting tlic travel of the piston in the cylin¬ 
der with some form of depth gauge. Some manufacturers advise 
timing the motor by following the piston travel directly. Others 
make provision for this timing by marking the motor flywheel. 

In marking a flywheel rim, one only needs to remember that 
every circle may be divided into 360 or more parts, though 360 is 
usually.;'tij|ed because it indicates in degrees, whereas the smaller 
subdivisions, which w'ould be in minutes and seconds, are not 
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needed. If the flywheel is not already marked, as might be the 
case if the maker followed the system of timing by piston move¬ 
ment directly, it is not difficult for any repairman to mark the 
flywheel rim if he knows the points of openings and closing of the 
valve as expressed in degrees of cranksliaft travel. The first marks 
to make arc the points at wliich two of the pistons arc at the top 
of the stroke ami two at the bottom. Thi.s is usnally done by 
considering tlie cylinder nearest the radiator, or at the front of 
the motor No. 1. and the others in order 2, 3 and 4. The first 
mark made on the flywheel rim is wlien the jdston in cylinder 
N\>. 1 is brought to the end of its stroke or toward the closed end 
of thtj- cylinder. A point is prick punched on the flywheel to 
correspond with the pointer of the trammel or indicator. This 
is called “lop center^’ cylinders 1 and 4. This may be abbre¬ 
viated as “T.C.1-4,’^ which is very easily indicated on the inm 
I'im of the flywheel witli ordinary steel letter stamiw. The flywheel 
is then turned over a half revolution until the piston in Number 1 
cylinder is at the bottom of its stroke. Another point is then in¬ 
dicated on the flywheel and this is marked “B.C.1-4” which is 
an abbreviation for “bottom center,^’ cylinders 1 and 4. If, for 
example the inlet valve in number 1 cylinder opens fifteen de¬ 
grees after top center a distance is measured off on the flywheel 
rim equal to a crank sliaCt travel of 15 degrees. A line is then 
scribed across the face of the flywheel and this is marked “inlet 
opens” 1 and 4. If the inlet valve closed 20 degrees after bottom 
center the flywheel is rotated half a turn until the bottom center 
j line registers with the trammel. A suitable distance is then meas¬ 
ured off on the flywheel face from that point that w( uld be equal 
to a travel of 20 degrees on a circle represented by the circum¬ 
ference of the flywheel. 

The rule for determining the amount of space to allow for a 
degree is not a difficult one to apply in practice. It is merely 
'Viecessary to multiply the diameter of the flywheel in inches by 
a constant vahie, 3.1416, which remains the same regardless of 
diameter of the flywhttel, to obtain the circumference of the fly¬ 
wheel in inches. This product is divided by 360, which gives the 
amoTint of space to measure off on the flywheel rim for each do- 
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i?ree. While the figuring is not difficult, the result may he very“*^ 
(liiickly arrived at by reference to the accompanying table of angles 
and corresponding arcs which has been compiled by A. C. Wootl- 
bury and printed in the Horseless Age. A conversion table is 
also appended winch will be of value inasmuch as it permits the 
conversion of hundrodlhs of an inch to sixty-fourths of an inch, 
which subdivision is more apt to be found on standard flexible 
scales used by American machinists. 

After liaving marked tlie flywlieel for the inlet valve, the next 
operation is to indicate the points of opening and closing for the 
exhaust valve of No. 1 cyliiid(*r. As a rule, the Qxhaust valve 
opens about 45 degrees ahead of the bottom center position of tlie^ 
piston when that niouiber ^ impelled downward hy the force of the 
explosion. Following the closing of the inlet valve, nearly two 
strokes of the piston lakes place before tlio exhaust opens, one 
being the stroke corrcsj)ondiug to the compression of the gas 
while the other corresponds to the downward travel of the piston • 
due to explosion pivssurc. Tlie cxliaust valve usually closes a 
few degrees before the inlet opens, though ou some engines tin* 
exhunst may not be fully closed before the intake starts to open. 

A cross section view of a four-eyliudev engine with the ^alve.s. 
located in the combusti(*ii heads is slio\vn ac Fig. 146, which uls(' 
indicates the method employed of juarking the flywheel and gives 
the relation of the various strokes for the tw'O most commonly used 
firing orders employed w'ith four-cylinder motors. The explosions • 
do not occur in each cylindei* iu the same sequence ns the onndcrs 
are numbered. An explosion in cylinder No. t is followed by one , 
in No. 2, then l)y one in No. 4, and lastly by one in No. 3, accord¬ 
ing to one method. In th(‘ otlier tlie firing order is 1—3—4—2. 
In o1h(?r words, the explosions must follow eaeli other in cylinders 
1 and 2 or in cylinders 3 and 4, because in these one piston is up 
* while the other is down. 

(’onsidering the firing order first named, if an explosion is'' 
taking place in cylinder No. 1 driving the piston downward, the 
piston in cylinder No. 2 is compressing a charge as it is moving 
upward, that in No. 3, which is nioving in the same direction as 
tlu< piston in No. 2, is expelling the burnt gas/ and the piston in 
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4, which is moving down or in tlie same direction as piston 
. 1, is drawing in a charge of pas. At the compl(5tion of the 
xplosiou stroke in cylinder No. 1 the positions of the pistons is 
llic reverse to tiiut shown in the ilhislration, i.c., pistons in No. j 
and No. 4 are at the open end of the cylinder, wherea.s those 'v.*; 
No. 2 and No. 2 are at the top or closed end. 
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Fig. 116.—Explaining Method of Timing Valves and M.uking riywheel 

of Four Cylinder Motor. 


When piston No. 1 starts to go np again it will he ft ^ .g out 
’•e burnt gas duo to the previous oxplosiou. Tl\at in N J, which 
^ reached tin* top end of the stroke just after compressing the 
rge, is subjected to the explosioJi; that in No. J}, which moves 
the same direction as piston No. 2, and which lias just cleared 
the burnt gas, is drawing in a fresh cliarge, while piston No. 4 
moving tow\nrd the lop of the eylinder, compressing the gas 
[ ' *•(;»! during flie preeediug downward sti-oko. The remainder 
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Fig. 147.—lustructions Given by the Locomobile Company for VjUvo 
T iming of its Various Early Models. 


of tlu*. oiKTutinns inny In- roiulily hy flit' by study¬ 

ing: Hie illuslrations and tlu* i xplanalory Huitcxl. 

At h'ig. 147 the system of valve timing* euj[)loye<l on several 
models of tlie ljo<Mmiohi)<‘ ears is elearly outlined. At lln* to]> tl 
points of opening and rlosiiig td tlih valves in llie ]j(*eoniohil« 
Mo<i(4 fj, as measured l)y j>i.ston travel, are rh-pieled, while the 
bottom series .shows the timing of the models it and M for a p; ru»d 
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f . 

of years. Tl will bo lliat it would not Im* lUHif'uU to 

rnoasniv tlie piston travel by iiisortiiijf u snilablo doptli }^»uigo 
through a pilcoi-k al the top of the rylindn*, so a rod or wirf 
oould bo employed lo t’ollcuv the pist«»n movcinoiit. 

At. Fi^. 1-lS tlu: valve tiinin;r of tlic lbl5 Ovorlaml motor is 
JMitliuod, Ibis showing Iho method of indieafiti^ tile ]>oinls oti the 
(lywfteo) rim, and id.so the amount of travel of the erankshal't lo 
<'oiirorni to the nnm}>er of di'ijrees opeiiiiijr and eiosiiijr of tie 
\alve. The marks on tin- lly\vlu*el and Iheir meaning follows: 

t-4 U|i i»n*;uis: c'^Iiiulors 1 ninl I nro in tlwir ujHM‘rmt>s4 |i«i«.Uion. 

I'l' TMctiTis: I'N liiiritM's '2 aiicl li are in IIumt ll|l|■l'rllll•^t [lo-'Oton. 

1-1 10 ineuvs: inlot \:i!v(- of oyhinlor 1 -m- -I oi.t-ns 

l-'l I <1 ii.enn^: inliO vii]\e of <'yliinlei 1 or 1 i 

J-4 no mosiTij*: oxiioiisl \<'il\o of oyliij.U-! J or I ojuP'. 

1-1 K-t' tiii'Jin'': exlinust vilvi* of cv lin.lfr 1 «ir 5 

^ L’15 l-O inejitis* inli'i \jilv«* lU' e\liii.ler :: «•! .‘5 o|>fn*n. 
li-!) 1 (’ meiins: inlet valve of « Uhnn r - oi 
L’-.'l HO meoiis; exliausl. \ alve »»f e\hniler - '-i U <«|ieii'. 

li HC tiu'niis’ exlinnsf \5iK«- of i-\lin'l<i '2 nr .1 eloT'.:. 

To determitie wIumi the settinj* of the valves is eorreel proeet‘d 
as follows, beeiintin.i*: with eylimler No. 1; First, open the jivimiiif^ 
eoeks «-\er all i-xhaiisl \ahes to ri‘lie\'e the ('(aojrression jnirl to 
make tlywlieel rotation easier. Serond, turn the flywheel lo the 
ieft until llie mark 1-1 I’p is in line witli tlie punelnd j^nide mark 
ttn No. 4 eyiinder. I’istons N«‘. I and .Ni>. A afO now at their 
■ hijrhest points, or on upper dea<l eenler. About ineli to Dm 
ri^ht of the mark one will imllee atmiher iudiJ-at on. 1-4 I 0. 
Turn the flywheel lo the lefi until this mark is limsi np with the 
]>iineb mark on eylitider. At this [mint the inlet valve of either 
eyiinder No. 1 or eyiinder No. A slmiild bejrin to lift. If the lift 
slionld oeeiir in eylimler No. 4. turn the (lywlieel one <'omp!ete 
'T'i‘V(»ln(imi until Die marks 1-4 1 () ayain a])pear on toji and in 
line with the friiide marks. Now feel of Die inlet valve lift [dunjrer 
of eyiinder No. 1, which should be in eontaet witii the inlet valve, 
stem, and further rotation of flie flywheel lo the left slionld beiriii 
10 )>rodiiee a lift of Die iiili‘t valve, whieli may be observeil by 
■''ialelung Iho npw'ard movement of the valve stem. Third, to dc- 
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Icrmihe the closing point of the same inlet valve turn the flywheel 
a little more than half a revolution until the mark 1-4 1 C appears 
on top and registers with the punch mark on the cylinder. With 
the flywheel in this position th(? inlet valve should be closed, and 
after very sliglit movement of the flywheel to the left there should 
be enough space between the top of the valve plunger and the inlet 



Fig. 148.—How the Overland Four Cylinder Motor Valves are Timed. 


valve stem to insert a thin visiting card. At the Overland fac¬ 
tory this space is measured by a gauge exactly twelve thousandths 
of an inch (.012) thick; this clearance is necessary to compensate 
for the expansion of the valve stem when it becomes hot during* 
the operation of the engine. The exhaust valve opening in No. 1 
cylinder is then gone over in the same manner. After the point 
where the inlet valve closes the flywheel is turned half a turn until 
the mark 1-4 Up comes to the top. Turn the flywheel to the left 
until a mark indicated by 1-4 E. 0. registers with the punch mark 
in the cylinder. To determine the point of exhaust valve closing 
turn the flywheel to the loft for a space equal to 241 degrees 
measured on the flywheel rim wli^re a mark will be found indi¬ 
cating the point of exhaust valve closing, which will be 1-4 E. C. 
In order to enable the repairman to judge the amount of distance 
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l^neaaured on the flywheel eivcninfcrence corresiwnding to the num¬ 
ber of degrees valve opening the following tabulation is given: 

Model OO Model 71 


Diameter of flywheel ... 17 in. IS in. 

Inlet valve openw late. IV*, 

Inlet valve closes late . 

Exhaust valve opens early .. ^'■^62 

Exhaust valve closes late . 21%) 


The same instruetions apply to 1915 four-cyliiKhtr motors. 
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Fig. 1^.—Method of Timing Valves of Overland Six Cylinder Motor 

and Adjusting Valve Gkar. 
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Remeshing Overland Model 82 Time Gears. —A cross shaft on* 
front of the motor opi'ratcs tlie generator and pump shaft. This 
shaft is driven by a bronze gear keyed to the front end of the 
crankshaft. The gear at tijc cxtronio left of the cross sliaft (Fig. 
14!0 or right liand side of the motor drives tlie generator shaft. 
The second gear from the hd*l of the iUnstration drives the earn-.* 
shaft. The gear at the right of the cross shaft driv(‘s the pumi) 
and inagiieto sliaft which, like tiie cam aji<l generator shaft, runs 
liarallel to the crankshaft. When lliese have Ijeen taken ai)art and 
are to la' rensseiiihled, follow those directions; Turn the Hywheel 
nnlil pistons 1 and (> are on upper dead center, with No. 1 j\isl 
completing its compression stroke and re:nly to lire. On keying 
the driving g(‘ar to the ei'aidvsliaft, make sure that t)u‘ straight 
nuirk on tlie ti»p of lh<* gear is lined up witli the bottom face of 
the eylindtM* easliiig. 

Tlirongii lh«- iiuspeelion ]»late you will notice a straight mark, 
lengthwise of the cross shaft. This mark must liiie up with a 

corresimndiug mark on the face of tlie ius|)ection plate. Lin¬ 

ing up the sliafl, of course, uutoinatieally lu'ings llie four gears 
keyed on to the shaft iu their proper positiojis. Now it is only 
jieeessary to assemble tlie threi* driven gears so that the arrow 
piiuclied on the face line with the eorrospoudiug mark on the 
housing. 

Timing the Valves. — This, too, is an operation which should 
be undertaken with caution and carried out with aee.ui’acy, and 
by a person competent to do such work. The rim of the flywlieel 
bears at various points the following marks: 

l-G D-C mcAus: pistons of (‘ylioders 1 aoil 6 arc in their utmost ponition. 

2‘5 D-C meauH: pistons of cylinders 2 and 5 arc in their utmost positiou. 

3-4 D-C means: pistouR of cylinders 3 and 4 arc in their utmost position. 

1*6 i-0 moans: inlet valve of cylintler 1 or 6 opens. 

1-6 I-C means: inlet valve of cylinder I or 6 closes. 

1 - 6 12-0 means: exhaust valvo of cylinder 1 or 6 opens. 

]-6 £-C means: exhaust valve of cylinder 1 or 6 closes. 

2 - n T-0 means: inlet valve of cylinder 2 or-5 opens. 

2-5 I-C means: inlet valve of cylinder 2 orJ) 010.908. 

2-5 E-0 means: exhaust valve of cylinder 2 or 5 opens. 

2-5 B'C means: exhaust valve of cylinder 2 or 5 doses. 
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\-l 1-0 uioftHs: inlot valvo of cylimlor 3 or -J opens. 

^•4 1-(J iiionnH: inlet \»lvo of cyUncloT 3 or 4 closes. 

{-t K-0 menna: exhoust valve of oyliiKler 3 or 4 opens. 

{•4 K-C means: exhaust vnlvc of I'ylinilciT 3 or 4 cloHes. 

The iiuit(n* <yliinl(‘rs aiv iiunihepcd 1, 2. II, 4, 5, 6, juimber 1 
llu' cylincior near th<* r;n]iatnr «iul iiiinibor fi the* nearest 
iijo tla.sli. (’yliiulj'r mimber 1 (in-s firsl, number u next, tlien num- 
boi-s 2 juul 6. tlu-n 2 and 4. Tlie liming of the valves is. perliaps. 
)m-s1 understiUKi by retVrejiee 1o Ibe diagram. Jt will be sonn 
lliat the intake valve o]h'J).s wlien tin* tlywheel is 7° 54' pa.sl 
iippi-r dead <*enter and close's tvlieji it is 20“ 6' past the lower 
di'cid ccnfi-f. 'rile e.liaii.st \alve (jpciis 41“ 2' lieloro the lower 
di'od eeuli'V ami cieses again 2 ‘ 51' pa.st upper dead eeiiter; thus 
the juli-t. taite epf'h.s and el(».ses late, wlmreas tlic exhaust valve 
opens early and <-(oses late. 

The dywhcel In ing iiirlus in diaiiieter, the following 

table gives tiie measurements in im'iies of the valve operation when 
laid out on the rim of the tlywheel; 


Dininoli'i* of ilywhccl . 13*4 

Inlet Milse l:ito . 1.07 inch 

Inlet vnlvp rloses Inlc . 4.07 inch 

TiXliauht vulve opetJd early . n.59 inch 

rjxliuust Yuho closes lale .32 inch 


To delermine whf'ther setting of the valves is correct, pro- 
ce(?d as follows, beginning with cylinder number 1: Open the 
l)riining cocks over all exhaust valves, to make the turning of the 
tlywheel easier. Turn the flywheel to the lof until the mark 
1-6 D-C is in line with the guide mark on number 6 cylinder. 
Now pistons 1 and fi are at tlicir highest points in their cylinders, 
or on upper dead center. About 1.07 inches to the right of mark 
1-6 D-C you will notice the mark 1-6 I-O. Turn the flywheel to 
the left until this mark is lined up with the guide mark on the 
motor. At this point the inlet valve of either cylinder 1 or 
cylinder 6 should begin ^to lift. If the lift should occur an 
cylinder 6, turn the flywheel one complete revolution, until the 
mark 1-6 I-O again appears on top ^and in line with the guide 
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mark. Now watch or feel tlio inlet valve stem of cylinder 1; it 
should just begin to lift from its scat. 

To determine the closing point of the same inlet valve, turn 
the flywheel a little inoi’c tliaii a lialf revolution, until the mark 
1-6 I-C appears on tnj>. Willi the flywheel in its position, tJie 
inlet valve should be* closoil and there* sliuuld he just enough space 
between the top of the valve-lifter and the valve stern that a thin 
visiting card can be jdaced between them. At the factory stern 
and lifter are sot so that tlie distance between llieni is exactly 
four thousandths of an inch; this clearance is neecssary to com¬ 
pensate for the expansion of the vidve stem when it beeomes hot 
during the op(‘ratioii of the engine. 

Tf adjustment is necessary, loosen the lock-nut on the top of 
^Uio valve lifter bracket and screw the lower niit up and ilown, 
as shown in B, Fig. 149. If the play between valve lifter and 
valve stem is loo great, the result will be noisy operation; if the 
mljustmont is loo elosc, tlio valve may be prevented from seating 
fully. Next, test the exhaust valve, again bnnging 1-6 I)-C to 
the top, and turning the tlywiuiel to the left until tlio mark 1-6 
F-C appears in line with the guide. After you have tested lire 
closing of the exhaust valve of cylinder number 1, test its ojumiug 
by revolving the flywheel until tlie mark 1-G K-0 comes to the top. 
•Then go carefully over the valves of cylinders numbers 6, 2 and 5 
ami 3 and A. A slight variation (*f the flywheel markings to tin* 
right or left of the guide mark is permissible, hut it slioidd not 
be greater than a quarter of an inch. 

Tlicre is hardly a repair .shop in tlie world that will not Jiave 
occasion to time the valves of a Ford motor. The tiring order is 
1 —2—4—3 and the point of valve openings are clearly indicated 
in diagrams at Fig. 150. These show the points as measured di- 
•rectly by the piston travel and need no further (jxplanatiou. 

Marking Offset Cylinder Motor.—The instructions given for 
, marking flywheels apply specifically to those engines in which the 
center lines of the cylinder and crankshaft coincide. If there is 
'^0 offset the flywheel is marked from upper and lower dead cen¬ 
ters, which also indicate the top and bottom positions of the 
pistons in the cylinders. With an offset crankshaft, the flywheel 
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EshaiiAk openi 1-4 he* 
iorc lowei- center on M 
stroke. 



Cam Siia»i .''Ktt 
Showing ijosit 
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\tilTe, Crank, Oo jrl- 
ini{ HchI uiid fist of 
hrst C’y 1 1 n (] c t 
marked tixtttt amt 
on Time Ctois a' 
(Sb'fed. 



Fig. 100.—Methods of Timiug the Ford Tour Cylinder Motor. 

is Tuarked at the upper vertical point by the angles laid off from 
that position of the piston, connecting rod and crankshaft which 
brings the three centers 2 <ito line, i.e., the jiiston pin center, the 
crank pin center and the center of the crankshaft hearing. The 
reason for this is that with the piston at its highest point aa 
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indicated Ly tlie \iSMal inetliod of finding: center }>y sel¬ 

ling the connecting rod verlieally iji the npiier position, \\ sliglitiy 
further movement of the crank whicOi will bring IIk; tliree c.(*n- 
tors into line will raise it a small amount further, this latter 
being the true point of upper dead center. Similarly with the 
lower eeiitcr when the connecting rod is at its lowest jx'int and 

starts to rise slightly, 
the ])iston is not. at its 
]ow(‘sl i)()int and tin; 
inov'unent past center, 
until 1hi‘ thri'c eeiiler 
|ioints mentioned eoim* 
into line, will con¬ 
tinue to draw the pis¬ 
ton downward a slight, 
t li o ii g h measurable, 
amount. In the illus- 
tration, h’ig. 102 . the 
four siages of timing 
oll' scd engines are 
shown. The propor¬ 
tions of this motor 
have been exaggerated 
to some c X t (Ml t to 
cleiij'ly bring out the 
l)oints invohTd. Tlu- 
Flg. 151.—Diagram Showing Flywheel Marking cycle of the engine is 
on Overland Six Cylinder Motor. f()llow(’d 111 rough hy 

the diagrams in proper 
sequence, this being inh't opening, inlet closing, exhaust open¬ 
ing and oxhanst (^losing. In these diagrams tin* timing used 
is: Inlet opens at 8 degrees iiast the upper ('(Miter; inlet closes 
at 26 degrees past the lower center, making the total inlet open¬ 
ing 198 (h'grees; exhaust opens at 46 degrees h(*fore lower oen- 
''ter, exhaust closes at 5 degrees past npp<’r center, making the total 
exhaust opening 281 degnM'S. Tf the engine timing diff<*rs from 
this and the flywheel is not marked, with the points of opening 
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^Flg. 162.—^How to Mark Flywheels of Engines Having Offset Cylinders. 
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TJ 

and closing givoii, it will not be difficult to mark the flywheel rim^ 
though this is a job that must be carefully do^e. To simplify 
the explanation, we will assume that the motor timing is the same 
as indicated. The method of procedure is as follows: First, place 
the engine in a suitable position to work on and remove the lowei^. 
half of the crankcase. Turn the crankshaft over slowly until the 
upper end of the connecting rod reaches the top point, then turn 
still more slowdy, until the three centers are brought into line. 
This will be a somewhat difficult job to handle, but with care, aS' 
sisted by the more usual method of placing a pointer in the top of 
the cylinder, resting on the piston, and moving.up and down wdth' 
the latter, tliis can be accomplished. Having the center, lay a 
straight edge across the crankca.se lower edge, and set a protractor 
or other angle measuring dence to the exact angle between tliis^ 
and the checks of the crankshaft. Now, take this protractor olf, 
note the angle, and then add to tliis the angle of the inlet opening, * 
eight degrees as above. Set this back on the straight edge and 
turn the crank until the cheeks coincide with the new setting of 
the protractors. Then mark the upper point of the flywheel with 
tlie initial letters T 0, to indicate inlet opening. It is well to mark- 
tills at the time the work is done with prick punches wliich can 
be remedied afterward, scribing a line clear across the flywheel 
and then putting in the letters or the full w'ords if desired. 

Find the following lower dead center and mark the flywheel 
for that in the same manner. Then, nearly a full turn is neces¬ 
sary before tbe next lower center, from which the angle of the , 
exhaust opening must be subtracted, this calling for a backward 
movement. No trouble need be experienced in the flnal exhaust 
closure point. In the sketch the marking is indicated to go on 
the center of the flywheel, that is, directly above the center line 
of the crankshaft. This is not necessary, the marks may be put 
anywhere desired, on the cylinder center line or elsewhere. A 
pointer of sheet metal should be made and fastened on the engine 
ease somewhere, preferably under the nuts of the rear cylinder 
bolts, so as to point to the marks. 

Two typical valve timing diagrams, one for a four cylinder 
engine having a flywheel diameter of 15^ inches, the other of a six^ 
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Fig. 153.—Typical Valve Tiznisg DlagramB for Four and Six Cylinder Engines. 
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<>’liudi'r engine are given at Fig. li)3. In the diagram at the 
left, wliicli is that of a four cylinder motor having a firing order 
of 1—3— i —2, the f)oiuts of valve opening and closing are not only 
indicated in degrees but also by the eipiivalent dimenaions measured 
on tlie flywheel p(‘i‘ii)hery. In the six cylinder engine diagram 
shown at. the right the points are indicated measured in degrees. ' 

In studying the table presented, it should he remembered 
tliat then^ are many conditions upon wliioli valve timing depends, 
and a fonmila correct for one motor would not necessarily be 
satisfaelory lor another of the same size. In all eases, tlie inlet 
valve opens after the piston has reached the end of its exhaust 
stroke, the lag depending upon the size of the valve, shape of cam 
and motor speed desired. Most designers do not o{)i.*n the inlet 
valve until the exhaust is fully closed, hut there are some who al¬ 
low the valves to overlap: tliat is, the inlet valve starts to open 
before the exhaust is fully closed. Jt should he remembered that 
exhaust closing and inlet opening occur approximately after that 
point in the cycle where the piston reaches the end of its second 
up stroke. The inlet valve closes after the hottoin of the suction 
stroke is readied, good practice being a lag of between 30 and 40 
ilogfces crank travel. The exhaust valve opens before the piston 
reaches the end of its down stroke under the infliuuice of the ex¬ 
plosion. The lead may he as-high as GO degrees crank travel be¬ 
fore center, but this is an extreme case. Good average practice is 
covered in the range between 40 and 45 degrees lead. 

The reason for having the exhaust valve closing and inlet valve 
opening overlap is that this takes advantage of the momentum of 
the exhaust gas and v(‘sults in clearing the cylinder more positively 
tlian if the valve closed absolutely on center. During the final 
period of valve closing hut little space is present for the escape of 
gases. If the valve closed positively on upper dead center, the area 
of the port or passage would be small for au appreciable upward 
movement of the piston when it nean*d the top of its stroke, and 
more inert gas would he retained in the cylinder than if the valve* 
was closed after the piston starts dowii^oii tlie intake stroke. 

The following table outlines the valve timing of a number of 
standard American automobile motors. 
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VALVE TIMING OF SOME TYPICAL AMERICAN CABS 
FROM S.A.E. DATA SHEET. No. 53, VOL. I 


Car 

InLiikc 

Op<*n» 

Min. 

Intake 

Cliiseii 

IJi'g. Min. 

KxbauHt 

Opena 

Dos'. Min. 

Kxliauat 

Clo^ 

Df'g. Min. 

Abbott, -40. 

11.30 


45.48 

11.30 

Abbott. Vl-50. 

17.>3 

ido w 

42.36 

8 20 

( jollUar-. UJU. 

4.£0 III I4.:e0 

38 ‘ill 

31..34 

7.00 

Case, 40 . 

13 (N) 

30. (M) 

50 00 

13.00 

Chalinors. 

u.oo 

33. IKI 

55.00 

12.00 

ChaudliT Six. 

U.OO 

39.00 

49.30 

. 12.00 

f’lu'vri»lpt C. 

13 DO 

40 Oil 

47 00 

9.00 

Cbovrolpt li-i. IM. 

10 ts 

51.OS 

27.13 

14.00 

IVunkliu. M N<>. 4. 

s.oo 

33 1)0 

51.30 

17 00 

llavnPH. . 

3.0() 

3.5.00 

47,00 

2.01) 

llavncs, iW. 

3.00 

3.5. iK) 

37.00 

2.00 

llupiiiobilc, 3^. 


ids DO 

40.00 

16.00 

Jafivsoti. lOH. 

M 00 

.‘18 00 

4.5.00 

10.00 

JofflTV. (»-{)(». 

18.00 

40 (Ml 

47.00 

15.00 

Jofbsrv. 1-03. 

18.00 

40.00 

47.00 

15.00 

Kiiiff li . 

0 41 

30 3S 

32.10 

5.00 

Leww Six. 

1.) 00 

30.00 

45.00 

5.00 

Lvons-KiiiRlil. 

10.00 

40 00 

60. (X) 

on 

Maxwell, t tl.> . 

■ 5.00 

40.00 

35.00 

on 

Maxwell. 4-^5. 

C.OU 

3i.00 

43. (H) 

6.00 

.Motm. Six 30. 

10.00 

idh IH) 

40 IK) 

2.30 

Mooti, Frair 'W. 

i 14.00 

lei.oit 

31.00 

21.00 

OUlsmubila, .>4. 

1.5.00 

38. IX) 

45.00 

10.00 

1‘iii^e Del roll, 30. 

5M0 

3'd.30 

41.50 

11.40 

Pjii^p I)«*lr<iit. W .... 

i 9.10 

32 25 

40.30 

12.00 

Palhliiidci* Litllo 0. 

10.00 

ilH.lM) 

40.00 

2.30 

Rpii. . 

IS.00 

30.00 

53.30 

14.00 

S|Mi‘«lwell, .A.B.(’. 

10. (HI 

28.00 

40.00 

2.31) 

VcHp. 


.30.00 

43.00 

12.00 

Vulrsin. 

J.5.00 

30 IH) 

45 00 

10.00 


AVIicii lli<‘ space* belwccji tlic valve stem aj Ihe valve lifter 
is more than it should be tlicrc are two iMctluulii of compensating 
for this depreciation. On many small motors no adjustment is 
pi-ovided betwe(*u the vah’^e stem and the valve stem plunger. The 
makers of the Ford car advise drawing the valve stems out until 
the pr()i)er sj)acc exists between the push rod and the stem. It k 
important w’heii drawing out the stem or longtheuing it not to bend 
the valve stein, as this wi^l result in the valves sticking, or in any 
event the borci of the valve stem guide in the cylinder will be 
worn uiu!ve72ly. TJie clearance between the pushrod and the valve 
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stem should never be greater than -inch uor less tliaii yB 4 incli. 
If too much clearance is present the valves will open lute aud 
close early. If the clearance is less than the mininiuiii there is 
danger of tlie valve remaining partially open all of the lime be- 
ea\ise the valv(* stem lengthens, due to expansion ])roduced by the 
lieat of tile explosion. W’hen it is necessary to draw down a valve 
stem tliis shoidd be done by peening it for about ^l-iuch above 
the pinhole or key slot. 

It is not a difficult matter to set the cl(*arance exaetlj'' as it 
should be on those 1yp<‘s of engines iirovided with an adjustment 
screw which may be raised or lo^^ered in the valve i)lunger oi* in 
forms having fiber inserts in the top of the valve j>lungei'. These 
inserts arc ulilizefl to silence llio valve aetion ajid may be easily 
removed and replaced witli new ones when worn. A simple ami 
cheap accessory that can be o])taincd on the i>p('n. nuivket can be 
used to adjust llic eleavanee on Ford and similar type molors. 
This consisls of a Jiumber of .stamped steel cups that can b*' pusIkmI 
on the lower portion of the valve .sicm and a riiiniber of thin .steel 
wasliors to be interptksed inside of the cup and between the bot¬ 
tom of that, member and the end (d tlie valve stmii to regulate 
Ibo clearance as desired. 

Sleeve Valve Motors.—A number of aulomobilt* manufacturers 
have adopted the Knight sleeve valve motor as a jiowor plant. 
The same in.stnietions that have been given rcgaiiliiig the time of 
opening and closing of the valves; of oilier molors also apply to 
this form in a limilccl degree. The only possibility of losing the 
timing on the sleeve valv(^ motor, which is shown iti sectiim at 
Figs. 3.')4 aud l.oo, is by faulty sotting of tlie sleeve oj)erating 
cnuiksliaft, in its relation to tbe’Tnain crankshaft. If the timing 
is altered by depreciation of the bearing in tlie sleeve operatiiig 
link.s tliey may be r<*fitted; tin; lower or rotating bearijjgs wliicli 
would be more apt to wear than the upper or oscillating bearings, 
are of tlie same marine pattern as is generally used in the main 
.connecting rod. Tin's ineaJis that any depreciation may be reme¬ 
died by fitting the bearing caps olos«*r to tlie connecting rod and 
jBcraping or reaming to fit. 

I Tn onlcr to show clearly the appearance of the various parts 
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Fig. 154.—Sectional View of Knight System Sliding Sleeve Valve Motor 
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of ihe sloi've vah'o Tueelmnisin tlio views at Fi};. 1’)^ are presented. 
At A, the cylinder heads which have just heeri removed from the 
eylhider bloclc B, are depicted. The coniieelin^ rod, piston and 
the two sleeve valves in one assembly just as it is removed from 

• the cylinder interior is 



sliown at 0. The pis- 
Ion and connecting vo<l 
removed from the in¬ 
terior oC the inside or 
long shreve is shown at 
B, tlie inside or long 
sleeve is outlined at E, 
and the short sleeve is 
sln)wn at F. It will he 
apparent that the gas 
passages which are in • 
the form oL' slots cut 
into the upjier portion 
of the sleeve walls an* 
not Jipt to change in 
size (•xee[>t the very 
small amount due to 
th(} deposit of carbon 
in the port openings. 
Obviously they may be 
restored to full size f)y 
s<;raping away that ma¬ 
terial. 

The illustrations at 
Fig. 157 will show 
clearly tlu* relation of 
the two sleeves and 
the cranks operating 
them, while the series 


of views at the right 


Fig. IBS.'^howing Application and Method 
of Operation of Sliding Sleeve Valve. 


will sliow the way the 
various ports register 
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to provide a c\i'ap passage for the ingress or egi’css of the gases. At 
A, the piston is shown at lop center, the exhaust ports liavc just 
closed and the inlet ]X)rts arc just altout to register aud permit the 
gjis to flow into the cylinder as tlic piston descends on its suction 


Fig. 156.—^Parts of Sleeve Valve Cylinder Assembly. 



stroke. At 1», the j)islc)n is seen nearing the end of its stroke aud 
the inlet pj^rt is fully o]K;n. The exhaust port is eonipletely closed. 
At C, is sliown the end of the intake stroke with the inlet ports 
just closing. The view ut O, shows the piston at the end of its 
compression stroke witli both and exliaust ports closed. At 
E, the piston has gone down the greater* portitm of its power stroke 
and the exhaust openings in the inlet and ouUo sleeves are just 
heginning to meet and register witli tlic exhaust outlet port in the 
cylinder. At K, the exhaust port is about half open, at (J, the ex- 
liaust port is fully open. Tlie piston aud crank ixisitioii at 11, in¬ 
dicate the closing of the exhaust port. The inner and outer sleeves 
therefore, cannot vary in timing which is delennined by the dis¬ 
position of the thi'ows on tlie sleeve operating crankshaft. If for 
any rtiason the proper rcla+jon of rotation between tiie main crank¬ 
shaft an4 the memhei* operating the sleeve ^alves is lost one may 
begin at cylinder No. 1 and time the engine in somewhat the same 
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Fig. 157.—Operation t)f Knigbt Slide Valve Motor Showing Action of Sleeves for Opening and 

Cylinder Ports. 
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manner as the poppet valve motor is limed. The instructions given 
for setting the sleeve valve of the Lyon.s-ICnight motor are: the 
intake opens 10 degrees after top dead center and closes 40 de¬ 
grees after the bottom dead center. The exhaust valve opens 60 
degrees crank travel before tlie piston reaches the end of its power 
stroke and closes on dead center. 

One peculiar point about the .sleeve valve motor in which it 
differs radically from the poppet valve ly])e is that the carbon 
deposits which are very detrimental to jjropor pop])ot valve opera¬ 
tion are said to 1 m‘ actually beneficial to the operation of sleeve 
valves because tfie carbon on the sleeves lias a certain lubricating 
value. Instead of (‘iideavoriiig to }»revcnt carbon aeciiuiulation all 
sorts of expedients arc tried in tbe various jdants where sleeve 
valve motors arc inanufactnred to assist carbon aecuiniilation. Mr. 
Charles Y. Kniglit the inventor of this typo of motor writes as 
folii)ws regarding the formation and utility of carbon in sleeve 
valve motor operation: 

“Providence seems in the case of the sleeve valve to deposit the 
ca)])OU just vvliere it is recjuired, rectifying any small errors in 
clearances or adjustments or small ring leakages wliich liiay have 
erejd into the construction. And the user is advised to be most 
careful about its removal—not to interfere with the deposit unless 
through some extraordinary conditions the character of the ac- 
cuiiiulatioa partakes of tlie scaledike forniation winch upon severe 
use of the motor becomes ineaiidesceut, as shown by its brown color 
and projecting scale-like form. Happily, such scale is seldom en¬ 
countered, and when it may have formed as a result of tlie cause 
described, tlie user is advised to remove it, not with the use of 
a rtiarp-edgod metal tool, but Ijy employing a coarse, rough piece 
of fabric, which whim niblxKl heavily upon the surface to be 
cleaned, will serve to carry away the loose flakes, which could 
possibly cause self-ignition, without exposing the polished surfaces 
of the head and piston. A carbon deposit upon the cylinder head 
rarely takes the form of scales because of its perfect cooling. 

“My observation leads .me to believe that the tendency to car¬ 
bonize is growing with the lowering in the grade of the petrol 
supplied for fuel purposes. Tn short, it is my experience, sup- 
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ported by Iho ,judpm(‘nt of many otliers ‘witli wboni T am associated, 
that the principal source of carbon deposit is thciniperfcct com- 
hoslion cxj)crieuccd rcjrularly upon the road witli all carbureters 
and enp^iiicK. Tt is (toul»llcas true that road dust and lubricating' 
oil have a considcrahle inMiujiice in tlio acciimulafion of carbon 
upon the surfaces of ihc explosion chamber and head of tlie piston 
and valves in an indirccl manner, but the carhou itself, 1 am C'oii- 
vincetl, comes largely from i)n])orfeetly consiniied fuel. Tlie lubri¬ 
cating oil I'nniislies the moist elenicTit ^vhich eollocis and holds this 
gasoline earlam from Hk* time of the occasional periods of imper¬ 
fect combustion until it is Ihorougbly burned on by later higlier 
teniperaturcH und<*r full throttle. 

‘‘Attcidion is i>rop»'rly called to tlie fact that the sleeve valve 
engine, while it sliuws as great thickness of carbon dcjiosit as the 
7 >opji(‘t valve, docs not sutTer from its presence, and makers of tlie 
latter are admunished to stiuly the cause, of tlie iioppet valve's 
serious defect. It is also asserted that tlic twestroke engine, as 
well as the slc<*ve valve, is free fi*om the damaging effects of the 
carbon deposit, hut no explanation of this condition is vouchsafed. 

“That tin? conclusions of these authorities are well based is evi¬ 
dent from the fu<‘t that every owner of a sKm’vc valve motor will 
testify that the ]iow'er and sw'Oct running of his engine incrcnacs 
with use, wliieli fact fuis caused a great deal of speculation. 

‘‘A limite<l cai’hon depo.sil accomplishes two things: First, it 
increases to a limited extent the compression by reducing the com 
pression space. J^eeoiid, tlu* coat of carbon acts as an insulator 
and prevents tlie ti aiLsmission of beat from the piston top and 
cyliiuler head, which lieat. instead of wasting through these walls 
into tlif- cooling wah'r or base eliamber, is put to useful work. #n 
the liij.ited extent of this accumulation lies the secret of the non¬ 
knocking of the sleeve valve motor.” 

Timing 8 Cylinder V Motors. —Several ears of 1915 design wdll 
be found to incorporate 8 cylinder V inotors of tlie general form 
shown at Fig. 159. Tlu;se have two blocks of four cylinders each 
mounted on a oommotj crankcase and disposed as shown in order to 
reduce the length of the engine. ‘While the power plant shown is 
a French design, the American engines of the same type follow tlie 
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I'onstructiun indiciitod v<‘ry closely. Tin* bisl. iiiTaiig:t*uu'nt of llio 
cylinders is witli llic center lilies dis|»osed at an an^rle of 45 de- 
j^rces from ihe vertical center line of the motor. Tliis indientes' 
lliat. the cylinder e.enler linos are separated by an ajijrle of !H) de- 
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Fig. 158.—Eight Cylinder V Engine of DeDion Design. 


grees. This arrangement maki's it possible to operate 16 valves 
with eight cams. The method of valve operation is clearly out¬ 
lined at Fig. 160, the view nt. K being enlarged to show the dis¬ 
position of the valve plunger lifters or cam riders in relation to 
the camshaft. The valve stem clearance may be regulated as de¬ 
sired by the conventional pattern of adjusting screws. The same 
»instructions that apply to liming a four eyliiider motor may be 
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followed iu setting the valves of an eight cylinder form, the only 
precaution t(» lie observed is that the cylinders will fire in the 
proper order. 

Views at Fig. 1G3 show the relative movements of the piston 
for H quarter revolution of the craiikshart. At A, the crankshaft 
position is siieii that tlie cylinders on one side are starting to func¬ 
tion just as would be the case in a four cylinder motor with the 



Fig. 159.—Rear View of Cadillac Eight Cylinder V Engine Installed 

in Frame. 


crankshaft vertical, i. e., two pistojjs arc at the bottom of tIie||trokc 
and two pistons are at the top. Rotating the craiiksliaft 45 de¬ 
grees or % of a revolution produces the condition outlined at D. 
Imthis none of the pistons are at the top of the stroke. Rotating 
the crankshaft another 45 degrees gives us the conditions shown 
\t C, which is the opposite to that outlined at A. The order of 
dring in the Cadillac motor which hs one of the most popular is 
as follows: No. 1 cylinder on the left fires first; then No. 4 cylin¬ 
der on the right; No. 3 left and No. 2 right; then No. 6 on the 
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’right, No. 7 on the left; then No. 8 on the right, and lastly No. 5 
on the left. It is possible to have the valves in an eight cylinder 



Fig. 160.^How Valves of Cadillac, Eight Cyliuder V Engine, are 

Operated. 

f^motor open in quite jv variet 3 ' of ways as consideration of tiie fol 
lowing possiblt! firing orders will indicate: 

POHSIKLIO FlUINfl OftI>p:RS--S-CYr.. V TYP. ], 90“ 

1 Ti—2 R—2 Ji—♦ R—4 3 R—3 Jj 

I K—1 L—3 R—2 L--4 R—4 L—2 R-3 L 

X K—1 L—2 R—3 li—* R—4 3 R—2 T. 

1 R_i L—:t R—3 L—4 R—4 L—2 R—2 L 

1 B„4 L—2 B—.s 1^—4 Xi— X L—3 R—2 L 

1 R-~-4 Lf—3 R—3 I.^'* 4 Rr—1 1^—2 R—2 L 

1 B—4 1j—Z R—2 L —i B—1 L—2 R—.3 L 




B indicates right-hand block. L indicates left-hand block. 
Cylinders numbered from front to rear—1. 2, 3, 4. 
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\\\wn one cum servos two opposite valves, there is only one 4 
praeticat timing, tlic inlet must open on lop center and close 45 • 
degrees after bottom center; the exhaust valves must open 45 de¬ 
grees ill advance of bottom center and close at ti>p center. In the 
King eight cylinder motor, if we call the first cylinder on tin; 
right No. 1, liu5 s(*coiid cm the right No. 2, and so on and the fii sl, 
oil the left No. 5, tlie m'xt on the left No. 6 and e«> on, llio firing 
order will be 1, S, 3, 6, 4, 5, 2, 7, or using tbc other method when* 
each eylimlep block is numbered from No. 1 to 4 we have a firing- 
order as follows: IR —4L^—;^I^~2JJ—IK—llj— 211—:1Ij, the last 
in jireccding table. 

How Silent Chains Are Adjusted.—The temhuicy to employ^ 
ebains for driving the shafts for valve eoiilrol and for the magneto 
us Well as for ibe gearbox, which originated in Kngland is finding 
some favor in France and ^tnieriea. The teclmieal o[nnion of 
many experts leans strongly to the hh‘a tinit all the advantages 
of sib’iit chains can be attained by using miter or lirrringbone or 
even straight spur gears, if only close attention is paid to the cor- 
rt'ct shaiuiig of the gear tooth curves in each. case. As a matter » 

complying witJi the iiiscrnlahlc dictates of antoniohilc fashion, 
some activity is displayed, however, among auloinobile mauufac-*' 
turers to get the benefit of tlic experii*nee with tlie eliaiiis which 
luis hceii gained in Knglaiid. In this respect the preeantioas which 
must he taken to obviate the effects of that lengthening by wear 
to which all chains are .subject, come in the first line. They also 
constitute the most important objection to the adoption of chains. . 
First, a considerable initial stretch must be affected in each chain, •’ 
unless this is dune, in advance and at some additional cost by the . 
chain maker, by running it under load for a shoH time on a s])ecial 
machine established for that purpose, and subsequently tfte nor¬ 
mal wear of the chain pins and bushings, after the chain has been 
placed in commission in a car, determines a furtlicr lengthening,;'- 
much smaller in percentage than the initial stretch but yet large 
enough that it cannot be neglected. 

If a chain is used that is larger than is needed, as on the 
Cadillac eight cylinder V type engine shown at Fig. 101, it is not 
necessary to jirovide adjusting means because the chain will not 
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Fig. 161.—Metliod of Driving Camshaft of Cadillac Eight Cylinder 

Motor by Silent Chains. 


lengthen if it is not stressed unduly, the strain being very nuicli 
redueed by using a wide chain having a margin of safety greater 
than usually allowed in components of this kind. AVhere the 
chain is apt to lengthen duo to wear in the link plates ajid rivets, 
some provision must be made for adjustment. The practice of 
some European designers may be considered of value in this con¬ 
nection. 

These methods are illustrated in Fig. 1C2. Armstrong, Whit- 
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worth & Co. (A), provide an eccentric sleeve adjustment for the 
magneto shaft giving a maximum of 6 millimetci*s lateral displace¬ 
ment. Gregoiro (B), uses two eccentric sleeves, so that up or 
down movement of the pinion can be avoided, probably with a 
view to leaving the valve timing entirely unaflFected. 

Chenard-Walcker (C), pushes the whole sprocket pinion bear¬ 
ing as well as the baseplate of the magneto outwardly in a rccti- 



■BUSHING 

Fig. 162.—How Silent Chains may he Adjiisted for Wear. 

linear movemcnl by moans of a drawbolt, locking the adjustment 
with setscrews. 

The method u.sed on l.he King engine.s of this form is clearly 
ahown in accompanying front view of the motor ■with timing gear 
case cover removed. A pinion mounted on a slotted plate which 
is adjustable can be moved to take out any slack in the chain as 
desired. 

Precautions in Reassembling Parts.—When all of the essen¬ 
tial components of a power plant have been carefully looked over 
and cleaned and. all defects eliminated, cither by adjustment or 
replacement of worn portions, the motor should he reassembled, 
' taking care to have the parts occupy just the same relative poai- 
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Fig. 163.—Diagrams Showing Movemsnts of the Piston for Dlilerent Positions of the Qranhshaft in Sight 

Cylinder V Motor. 
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Fig. 164.—^Front View of King Eight Cylinder Motor. Note Method 
of Camshaft Drive Chain Adjustment. 


tiojiK tlipy (litl Ix-fovo the* inotoi* wns ilismantlod. As each part is 
t added to the asscinblajrc care slionid be taken to insure adequate 
lubrication of all new points of beaiMTig by s<juirting liberal quan¬ 
tities of cylinder oil upon them with a hand oil can or syringe 
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1 

j»rovided for tlio pur])qse. In adjusting the crankshaft bearings 
tighto them one at a time and revolve the shafts each time one 
of the hearing caps is set up to insure tliat the newly adjusted 
hearing does not have undue friction. All retaining keys and 
pins must be positively jdaced and it is good practice to cover 
%iich a part with lubricant before replacing it because it will not 



rig. 165.—Longitudinal Fart Sectional View of King i^igbt Cylinder 

Motor, Showing Important Farts. 


only drive in easier hut the pari may he removed more easily it 
Jiecesaavy at some future lime. Tf not oileil, rust collects around it. 

’When a piece is held by more Hum one l)(»Il or sci‘e\v, e.s]»(‘eially 
if it is a casting of brittle material such as cast iron, the fastening 
bolts should be tightened uuifoniil)". If one bolt is tightened more 
than the rest it is liable to spring Dir easting enough to break it. 
Spring washers, cheek nuts, split pins or other locking means 
should always ho provided, especially on parts which are in niotior 
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or subjected to a load. Before the cylinders are replaced on jthe- 
engiue base, heavy brown paper gaskets should be made to place be¬ 
tween the cylinder base flange and top portion of the engine crank 
case. The best method of making these gaskets is to tamp them 
out by placing the sheet of brown paper over the mouth of the 
'cylinder and directing a series of light blows with a machinists' 
^ball pecn hammer against the sharp edges of the costing. This 
^ will cut the paper exactly to the form of the base flange and cylin- 
,^.der bore The holes in the flange may be indicated in the same 
^manner or may. be punched through with a steel drift. The same 
process may be used in making irregular shape gaskets of other > 
materials such as a.sbestos or rubber packing. 

Before placing the cylinder over the piston it is imperative 
that the slots in the piston ring.s are sj)aeed equidistant and that 
the piston is copiously oiled before tlic cylinder is slipped over it. 
When reassembling the inlet and exhaust manifolds it is well to use 
only pei*fect packings or gaskets and to avoid the use of those that 
seem to have hardened up or flattened out too much in service. iJc 
it is necessary to use new gaskets it is imperative to employ these 
at all joints on a manifold because if old and new gaskets are used 
together the new ones are apt to keep tlfe manifold from bedding 
properly upon the used ones. It is w^ell to coat the threads of all 
bolts and screws subjected to heat, such as cylinder head and ex¬ 
haust manifold retaining bolts with a mixture of graphite and 
oiL Those that enter the water jacket should be covered with « 
white or red lead or pipe thread compound. Gaskets will hold 
better if coated with shellac before the manifold or other parts 
are placed over them. The shellac fills any irregularities in the 
joint and assists materially in preventing leakage after the joint is 
. made up and the coating has a chance to set. 

In replacing cylinder head packings on cars like the Ford, it 
is well to run the engine for a short while, several minutes at the 
most, without any water in the jacket in order to heat the head 
up thoroughly. It will usually be found x>ussible to tighten douii 
a little more on all of the cylinder head retaining bolts after this 
is dozie because if the gasket has been coated with shellac tlie su)' 
plus material will have burnt <.tf and the entire packing bedded { 
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Jig. 166w—Group of Piuij*^ of Cadttlxo Eigtit Cylinder V Motor, Showing Oonstruction of 

. Meohem of AuemUy. 
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down. Care slioiild be taken wlien using shellac, white or red 
lead, etc., not to supply so much that the surplus will run into the 
cylinder, water jacket or gas passages. 

Loose Flywhecl.-^iMany mysterious knocks, which are often 
attributed to worn hearings arc due to liie flywheel being loose on 
the shaft. In a number of the earlier forms of ears and in nearly 
all marine engines the flywheels are Jielil to the shsii't by a simple 
gib key. It often happens that tlu^se keys become worn and the 
wheel is slightly loose on its supporting shaft. Wlion the engine is 
revolving at higli si)eed a pronoune(‘(l tluimp or k;ioek will be pro¬ 
duced because of th(5 haniniering action of the flywheel upon the 
loose k(‘y. The proper remedy for such a eoiulilion is to niako a 
new key that will fit the keyways in flywheel and shaft and drive 
it tightly in place. In some cemstruetions the Hywlieel is in¬ 
stalled on a taper on tlie crankshaft ami in addition to tJie key 
it is held in place by clamp nuts. Tlicsc nuts sometiim;s become 
loose and permit the flywheel to back oil' the taper euougli to 
produce noise. In practically all modern forms of motor the fly¬ 
wheel is secured to a flangij forged integrally wilh the crankshaft 
by means of bolts. It jriay be possible for the holts to loosen which 
will permit the flywheel to rock and to pound tlie holes out oval. 
This condition is easily remedied by reaming or drilling the worn 
holes to the next largest standard size, and to fit larger bolts to 
correspond. 

Two Cycle Motors. —This form of power plant has received 
but limited application in automobiles, but the repairman may bave 
occasion to investigate irregular action of some old model car 
using this type of motor or may bo called upon to repair a marine 
engine of this type. It will be evident that a wora cylinder, piston 
rings or piston will r('ault in the loss of compression as in any motor 
and that loose coimooting rods or main hearings will produce noisy 
operation just as in the fonr-oycle type. In llio two-cycle motors 
there are other conditions to be looked for besides those involving 
normal dHi)reciation of the meclnuiism. There are two chambers 
to keep tiglit instcsid of one as in the four-cycle type. In the two- 
cycle form it i.s not hard to maiui^iin conixjres.sion in the combustion 
r^'iRil'er hcoansr* there are no valves to leak and the only chance 
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rig. 167.—Packard “Twin Six” Motor. Latest Power Plant Development. 
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Vlg. 168.—End Sectional View of Packard **Twln Six” Motor, Showing 

Arrangement of CyllndexB. 
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for escape is by worn piston rings. It is imperative, however, that 
a certain amount of compression be maintained in the crunk case 
of most two-cycle engines because th« degree of compression in the 
crank case determines tlie rapidity of transfer of explosive gas 
from the base where it is first rccoiv('d to the combustion chamber 
where it is explo<led. Bi'Caiise of tliis llie main hearings demand 
more attention than do those of a four-cycle engine because they 
must be fitted so well that tliere is no possibility of leakage tlxrough 
them. Similarly tlie packings but ween the cylimier and engino 
base and between the craiik case lialves must be carefully main* 
tained. In examining the piston and eylin.der care must be taken 
to remove any (le[iosit td (•arl)ini tVom tlie battle plate or deflector 
>v)iieh is usually cast integral will* the piston to]), as any sharp 
point or comer wo\il(l vciuain ineaiuU'Nccnt ami would cause either 
base firing or ymematuro ignition. Bak* firing is generally pre¬ 
vented by making ih.c eliarge from llie crank case pass through 
wire gauze in the l)y-pa.ss i)assagc. This prevents the flame igniting 
the <‘Ni)iosive gas in the engine base because practically all of thc- 
heat is abstracte<l from any heated gas as it pass(‘s tIn*ongli the 
mesh of the screen. These screens sonadimes become clogged with 
oil and reduce the speed of gas flow and e»>nso(iuenMy diminish the 
pow’cr output of tlie motor, the rmnedy is a simple one as it in¬ 
volves only the removal of the clogged screens and cleansing them 
thoroughly in gasoline before replacing. 

The 12 Cylinder V Motor.—The last word in automobile motor 
construction is the “Twin Six” motor shown at Figs. 167 and 
168. This is very mucli the same in construction as ‘he eight cylin¬ 
der forms, one marked dilTorence being in the angle between the 
cylinders which is 60 degrees and in the use of crankpins wide 
enough so connecting rod big ends of two opposite cylinders may 
be placed side by side. Except for the multiplicity of parts which 
involves dight structural changes, the same instructions given for 
the repair of the simpler four cylinder engines apply to similar 
components of the eight and twelve cylinder power plants. 
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COOLIN’O, CATimrKETrON* ANP LXTnKT(:ATIOX SYSTiCM FAUPTS 

Ovt*r)u*atinp—Systoinniir liooation of Trouhlow—Dpposits in "Raciintor anfl 
Piping^—(‘lennjnff Saiiil from Water Jackrt—Potorioraiion of Rubber 
TIosp—Pnaip b'’oriiis aiul Troublos—MclbotiH of Fan Adjuntnient—Lacing 
Flat Fan licit.**-—ntility of llosn Ohuupa—Restoring Broken Water Pij^e 
—^liiuliutor Repairs—j'efect.n in Oarlmrelion Orouji—Gravity Feed Sys¬ 
tem—St<‘wart Vacnuni Feed—Air Pr<*asure Fuel Feed—Air Pump Cou- 
atiiietion—Auxiliary Tanks—Kxhaiist ‘Gas Pressun*—Faults in Car¬ 
buretor Float Cbanibor—TiouM.-s in Mixing Chamber—How to Test 
Float Level—Eft’ect of Air LeakK—Typical Carburetor Afljnstmeut—> 
Kingston—-Schebler—Browne—Overland Sehoblor—Breeze—Htroinborg 
Holley—Krice—/eiiith—KayfioUl—Speed Governors—Caiburctor Instal¬ 
lation—Soldering Metal Floats—Emergeuej' Manifold Repair—Simple 
Oiling S\stems—Typienl Kiigine Oiling Methixl—^Tke Constant Level 
►Splash Systi'm—Forms of (Jil J’nnips—Whert? to Tiook for Trouble in 
Lubrication Systems—(’leaning Sight Feed Glass—Curing Smoking Mo¬ 
tor—Praelicnl Oil Filter—Requireujcnts of Lubricating Oils. 

Tub automoliilc* pnwci* plant Iriclui.lcs various auxiliary systems 
whifli an* eswTitiul to motor aclioti, and dofocts in those gfroups will 
nialerially the power output and regularity of running 

of the engine. ^J'Jio.se Lliat are usually groupt'd together are the 
cooling, earhuretiou and Jubrientioii systems, because defects in any 
one of these may produce exactly the same effect on power plant 
operation. For iustnuec, if the cooling system is not functioning 
properly this condition will be evidenced by overheating. The 
engine w'ill run hotter than it should if lubrication is not adequate 
owing to friction which produces heating just as lack of proper 
<.*ooliug facilities will. Tf the carburetor supplies too rich mixture 
the engine will show this condition by running hotter than it should 
normally. . 

Systematic Location of Troubles. —When a motor overheats it 
is not possible to discover immediately whether the trouble is due 
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to improper mixture proportions, lack of adequate cooling or some 
defective conditions in tlie lubrication systems. If the motor is 
cverlicating liocause the mixture is too rich this can be determined 
by studying the character of the exhaust gases. If these have a 
pungent odor wliich not only assails tlic nostrils but which causes 
the eyes to watcjr as well, and if black smoke is issuing from the 
muffler one may safely as<'nb<* tl>e overheating to a surplus of fuel 
in the mixture. OvorlK-aling i.s often due to carbon dejmsits and 
if these arc at fault they may be removed as iudieated in the pre¬ 
ceding chapter. The only way to find out if excessive amounts 
of cai'bou arc present in the. combustion oliatuber is to remove a 
spark plug or valve chamber cap, and Jmlge llu! amount of carbon 
present by inspection of the eyliiider luaid interior. After one 
ascertains that the overlieaiiiig is jiot duo to poor mixture or to 
carbon deimsits, it is noe<'ssary to iiispeet the various portions of 
the water co^dijig syslcjii and also the means of lulu’itiaiion em- 
])loyed. If an engine is ovi‘rli(jating bceauso of lack of oil, it will 
jKiund inneli more tliaii if flu? abiionmd rise in fempcrahire is duo 
to failure of the water to cireulalc ))ropetly, or to tlie mixture be- 
iug rich. Steam issuing from the radiator is eon.sidered a symptom 
of defective cooling and is stated to lie au iiifalliblo indication by 
some authorilies. The writer does not agree with thus view, ns any 
motor which is coohsl i)roperly when operating laider normal con¬ 
ditions will often cause? the water in the radiator to boil if the 
mixture is rick or if lubrieation is ptH)r. This doe.s not necessarily 
indicate defects iu the cooling system, but men iy shows that the 
radiation is not energetic enough to absorb excesMvc or abnormal 
rise in temperature, due to some cause other than a defect in 
cooling. 

The ensic'st thing to look for when one’s sense of smell indicates 
that the croublo is not too ric.li a mixture is some defective condi¬ 
tion iu the water cooling system. There are two common method^ 
of cooling iu general use as outlined at Fig. 169. That shown at 
A is the simplest, because the water circulates by a natural prin¬ 
ciple that heated water will rise because it is lighter than co<^ 
water. The system showni is used on Overland cars and is the sim¬ 
plest possible method of cooling when liquids arc employed for that 
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'radiator is sliown by arrows. lu order to assure passage 

of air currents through the radiator when the car is stauding still 
with the engine running, a power-driven suction fan is placed be- 
liind the radiator to draw the. air through the interstices between 
the radiator tubes. With a simple thermo-syphon system the only 
tiling that will interfere with proper circulation of the water is 
sediment in the water jacket or manifold, defective rubber hose, 
interruption of fan drive, and constrietion of radiator passages. 
Ill the system of cooling shoMii at I'igs. Kith B, and 170, a pump is 
depended on to promote circulation of tho water, aiid in addition 
to Ihe defects previously enumerated, ]>oor circulation will result 
if the water pump or Us driving means are at fault. The complete 
cooling systcin of the Backaril four cylinder car is shown at Fig. 
171, with all imj)Ortant parts clearly outlined. It will be noticed 
that whether the tlieniio-syphon or pump circulation system is used 
tliat a cooling fan driven from tfie engine is considered necessary. 

Overland Model 82 Cooling System.—Tlie cooling system (Fig. 
170) of the Overland Jloiiel 82 is pum}) actuated, Tlic pump is 
located on the left baud side of tlm motor and driven by the 
magneto shaft, i)Uinpiiig the water from tlie lower part of the 
radiator through and around the water areas of all cylinders, 
as rIiowii in illuslration, into tlic top ()f the radiator. It is cooled 
in its downtvard passage tlirough the radiator and recirculated 
by tho pump. The ra})idity of (orculation of water is governed by 
the spi'cd of the motor. The cooling system is therefore positive 
and ab.solutoly reliable in its action. 

The water pump (Fig. 174) is lubricated by means of a com- 
pT-ession grease cup. Tlic pump shaft is drilled ‘n the center so 
lliat the grease from the one cup supplies both pump bearings. 
This cup should be given a turn or two every fotir or five hun¬ 
dred miles. The pump is provided with a drain cock, which 
should bo opened about once a week to let all water and accumulated 
dirt run out. This drain cock may be used in conjunction with 
the drain cock on the water pump inlet elbow to drain the water 
from the cylinder when the car is to be stored in cold weather. 
The water pump is packed wdth asbestos and heavily graphited. 
The glands arc countersunk, making the packing conical in shap^ 
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thus i)revontiiig leakage of water without \aidue pressure on the 
pump shaft. 

After a new car has been run a thousand miles the stuffing box 
nut on each side of the pump should be tiglihuicd a trifle. Cooling 
of the water through the rmliator is aided by means of a four- 
blade fan sot on the front end of the motor and driven by means 
of u ‘*V” belt from the pump shaft. If tlio leallu r belt on the 



Fig. 170.-^verland Six Cylinder Engine Showing Cooling System 

Parts. 


fan stretchc.s from cousiilerahle u.se, it may he Hglitened by loosen¬ 
ing the stud on the fan bracket and raising th(5 fan enough to re¬ 
move the slack from the belt. 

Deposits in Radiator and Piping.—The form of radiator most 
generally used at the present time has a number of very narrow 
tortuous passages through which the water must pass in going 
from the upper compartment where it is discharged after leaving 
the motor cylinders, to the lower compartment where it collects 
after being cooled and from, whioli it is drawn by the circulating 
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pump. The water used in soiru.* l(»calities for cooling; contains much 
matter either in suspension or solution which will form scale or 
a powdery deposit in the radiator tubes. It does not take much 
scale to seriously reduce the I'alio of heat conduction between the 
heated water inside of the tube and the cooling air currents which 



Fig. 171.—The Packard Cooling System, Showing All Important Com¬ 
ponents. 


are circulated about tlicir exterior. As eyliiiders ‘irv generally of 
cast iron, a certain aiiioiiiit of rust will 1>J5 prese.it in the water 
jacket, and lliis also may get into the radiator i>ipiiig. If an anti- 
freezing solution using some sail as a basis such as calciuin-chlorido 
is employed, after this has bi'cii circulated through tlic radiator 
and piping for a time it may deposit solid matter in the form 
of crystals in the piping or radiator. Auti-freezing solutions that 
include glycerine may have a chemical action due to the acid some¬ 
times found in the cheap commercial grades of glycerine employed 
for tins purpose. This chemical action results in the deterioration 
of the water jacket walls, and also contributes to the rust deposit. 
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CleaBing Sand from Water Jackets. —In some cases excessive 
heating of an engine has been found to be duo to a retention of 
part of the sand eore in tlic water jacket of the cylinder casting. 
This is veiy apt to be the case if ll\e casting is in such fom 
that the water jacket interior is inaccessible. On tliose types of 
unit castings where a largo side plate is emidoycd to close an 
opening that occupies practically the entire side of a water jacket, 
no difficulty obtains in cJeauiiig out all core sand, but where this 
prt'caution is not taken and the core su])i)orted by prints of small 
size, there is considerable, difficulty in clearing the casting in some 
eases. For those not familiar with toinidry practice the writer 
may say that tlie core is that portion wbicb is ns<?d in the mold 
to re])resent the space between tl)e cylinder wall and water jacket, 
as it is nece.ssary to UkSC some sueli filler in the mold when pouring 
the molten metal into the impression left by llie pattern to form 
the cylinder. Cores are usually made of fine sand held together 
by binding material, and in some eases with i)ieces of wire running 
through as a re-enforcement, the whole being baked to form one 
piece before it is placed in the mold. A piece of this core may 
become lodged in some angle or corner and remain there even 
though the greater portion of tlic core is removed by the foundry- 
man. This may not become loose' until the engine lias boon in 
use for some time, and tlien it may be carried into a i>ipe or open¬ 
ing and partially or wholly interrupt tiie w’atcr circulation. The 
piece of core may dissolve and deposit considerable sand in the 
water jacket whicli will collect in some corner where it may Affect 
circulation. In oi'der to remove all traces of sand, where mechan¬ 
ical means are not praetical, an authority recommends a solution 
of hydrofluoric acid and water, the proportions being about one 
part acid to ten of water. This should be poured into the jacket 
and allowed to stand over night, which will looseB' the sand or 

• 

dissolve it. The cylinder jacket should be thoroughly drained and 

/all traces of the acid removed by flushhig thoroughly with hot 
water under pressure. Hydrofluoric acid is tlie only one that will 
attack sand, and it is well to remember that it has tlie same effect 
on glass which is usuall 3 ^ indifferent to the action of the other 
common acids. Care must be taken, therefore, to keep it in the 
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special rubber container, in which it is received from the chemical 
supply house. Wliile this chemical will also attack the metal of 
which the cyliuder is composed, the diluted solution J’ecnmmcndcd 
will liuvc no material cifect iu the short time re<iuired to thoroughly 
dissolve the sand. 

It is not advisable to use the diluted acid in the water spaces 
of tile radiator, as the brass or ct)])}>cr used in this part of the 
cooling system is nnicli tliinner than tlio material employed in tho 
water jacket, and is also more easily a1 tacked by the acid. For 
cleaning out. the water spares of a railiator a solution of potash 
or wasliing soda may be used. Tins will rut Ihe rust and some 
forms of Scale and will dissolve them or loosen tliem sufficiently 
so the deposits may be thoroughly hushed out with water or steam 
under pressure. The solution will work more rapidly if it is 
bi’ouglit to the boiling point before iilacing it in the radiator. 
The potash solution is also valuable in removing rust from the 
water jacket interior. 

Incrustation is most coinmouly caused by carbonate of lime' 
which is held in solution in some water as a bicarbonate; therefore, 
when the watc^r is heated the carbonic acid is driven off and the 
carbonate is precipitat<.‘d in tlie form of a muddy deposit which 
hardens in the presence of heat into a nonconducting scale in those 
portions of the water jacket where, the lieat is greatest, and which 
remains in the form of a powdery deposit in tlie radiator tubes 
where the heat is not great enough to harden the sediment. Some¬ 
times the deposit is sulphate of lime, this also ludng found in the 
water available in some localities. The reason that water contains 
so many impurities is because it is one of the best known solvents. 
Pure water is never found in nature and can only be obtained 
by a process of distillation. The purest natural water is rain, 
and if this is collected before it touches the eurth it contains only 
such impurities as may be derived from tlie atmosphere, these con¬ 
sisting of gases in the open country such as nitrogen and carbon 
dioxide. That falling over towns absorbs quantities of acids and 
soluble salts, llain water collected near the ocean contains chlo¬ 
rine. The source of water supply in many communities is some 
river flowing through or within a short di.stance. A large variety 
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Tig. 172.—Fart Sectional View of tbe Packard Centrifugal Water Pump. 
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of substances may bo found in solution in river water, the main 
element being derived from tiic rocks tbroxigh which the water 
of the springs wliich liavc fed Hit* river has percolated. Then, 
again, river water is often conlaTniimt**d by the drainage of towns 
or of niamifaetnring e.stablishiiK*u1s situated on the banks of the 
river. Sjiving waters also o.onlain many salts and minerals. Water 
that has been obtained Irom ponds is often rieli in regetabh^ matter. 
As it is not firaeiieal for tlie motorist to ns<‘ distilled water for 
filling tile radiator and water jackets, it is apparent that the 
water obtained from tbe other sources \\ill contain impurities in 
various amoujits. If tin* water is very liard or contains much 
salt, it will be Hu* tiu* motorist to sis\t? rain Avaler for use in 

tbo cooling sysb*in. Tlu' best solvent to use <lepends cntij'oly uixm 
the corjij)osili«nj of tlu* eater, and as Ihi:: varies in all portions 
of the world it is imt jx-ssilde to einimeral*.* the l>est chemicals for 
removing incrusta1io)i or to neutrali/.e Ibe nialerial in wdution.- 
Tlie adviee of a loeal chemist sliould In* sought in matters of 
this kind. 

Deterioration of Rubber Hose.—In ordiT lo avoid fracture of 
the water inanifolds from \ibralion. as would be the case if these 
were attached lo the radiator liy i)oii(]e\ib]e metallie eoimections, 
it is cusiomar.v to interim,jiieces of rubber hose between the 
radiator and the mauifobls as siiown in. J>'ig. Itil), A, and where 
the manifolds are the luiitl-u]) fonn, rubber ho.st* often forms an 
important item of the piping systimi as shown at Vig. 171. While 
it is imperative to use llu* 1m\s1 (juality steam hose for tliis purpose, 
oven this material may depreeiale in use. A certa'ii amount of oil 
and grease will hud its way into the cooling system, usually from 
the grease cups used lo lubricate the water pump bearings. This 
causes tlie hose to rot in.side as the oil has a chemical action upon 
the rubber. Strips of the iulerior lining may become detached 
and may iideifere with water ciieiilalion ])y constricting the bore 
of the hose. If anti-freezing solulioiia containing glycerine are 
used, depreciatiou of the Imsc. is inevitable. The best remedy is 
replacement of the defective hose with new', as this material is rela¬ 
tively inexpensive, in fact, one may obtain special hose connections 
for use on all the ])opubir makes of cars from the large automobile 
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supply houses or manufai‘turt»rs, these being cut the proper length 
and not needing any fitting. 

Pump Forms and Troubles. —Tn’ the water cooling systems which 
employ a pump to insure positive circulation of the water one 
may experience cooling troubles if the pump becomes inoperative 
for any reason. Two forms of circulating pumps arc commonly 
used. That shown at Fig. 172 is a centrifugal form in wliicU the 
water is circulated by the rotation of a miilti-bladed impeller in 
tile casing, and the design outlined at Fig. 173 is a more jmsitive 
form in which two gears arc depended on to keep the w'aler in 
movem(?nt. In the centrifugal fonn tlie water enters tlie pump 
casing at the center, and is throw'n outward by Iho revolving im¬ 
peller member, passing out of the case througli an outlet pipe at¬ 
tached to the* casing. In tlie gear pump the water enters the casing 
through eitlier of two opeiiinga, and as it cannot pass directly from 
the inlet to the outlet ou account of the tight fit of the gear teeth 
and of the gears in the casing, the only way it can flow- from one 
side of the case to the other is by filling the tooth spaces of the 
gears and being carried around from tiie intake to the discharge 
opening. 

Any condition that would interfere with rotation of t!io impeller 
of a centrifugal pump or the gears of a gear pump will interfere 
witli circulation because the water cannot flow by natural means 
when the. system is designed with a view of keeping it in motion 
by the use of a pump, it is possible for tlio pump driving means 
to fail, and in fact on many of the early model ears this was a 
very common trouble. At the present time \rater pumps are driven 
by positive connections with the camshaft, and there is but little 
opportunity for failure of the driving means. If a pump has been 
used for a long time the steel shaft on which the impeller is mounted 
may become rusted enough so that it wdU be w'cakened and will 
rupture. Sometimes the key or pin liolding the impeller in place 
oa the shaft will shear off, this being very apt to happen if the 
pump becomes filled w’ith ice, a not uncommon occurrence in cer¬ 
tain sections of this country during the winter season. 

The continued rotation of the impeller of a centrifugal pump 
or the gears of the gear pump may cause wear in the pump casinst- 
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If thero is much spjii*e bclweeii the impeller and the pump casing 
the oificieney of the pump will be materially reduced. The only 
remedy for this condition is to rci)lace. the worn parts with new. 
Ill the centrifugal pump outlined at Pig. 172, which is an accu- 
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rig. 173.—Sectional View Showing Constiuction of Gear Pump. 

rate representation of the device used to circulate water on Pack¬ 
ard four and six cylinder cars, it will be noticed that a filter screen 
is interposed between the intake pipe and tlic impeller chamber. 
The function of this screen is to remove all sediment from the cool¬ 
ing water with the object of preventing undue depreciation be- 
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tween tlie impeller membei* and the pnmp casing. In performing 
this function the screen may become clogged up. and will not per¬ 
mit the water to flow through it as y)roinpt]y as it slioxild. Provi¬ 
sion is made for removing the strainer, and this should be taken 
out through the opening left after the sotliinent plug is removed 
and tliorougldy C‘leaue<l before it is rephu'ed. 

One of tlio annoving eoiidilions. though not a serious one, that 
is notieed in a waf^T pump is lealcaj:e at varicni.s yioints. Tt is 


WAm Pump 
Grata* Cup 

Scuffing Uoi 


Fan Pulley 


Wacar Drain 
Plug 

rig. 174.—Sectional View Showing Overland Centrifugal Fiunp. 

evident that there will he an oyiportnnity for water to escape 
around the driving shaft if the stuffing box is not kept properly 
screwed u]». The .stufliiig liox is provided with a ilexihle hemp 
packing vliieh may hi* eoni)»rossed lightly against the shaft by 
screwing down tin* si offing box nut and wliieli forms an ellective 
.seal against eseaim of water. The sluning box jiacking needs re¬ 
newal from time to time in (ii'<ler tlial it may form an ciTective seal. 
Other points where a pujuj) may leak are at the packings betw^ecn 
the pump case or fiody and pump ciwer. IP tiglitcning the re¬ 
taining screws or bolts fhx's not stop the leaking, a new packing 
must be made to replace the defective one. Viimp packings arc 
usually of widl ahellaeki'd cardboard cut to fit the pump ca.sing 
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contour nnd with the screw holcfs juinchod through witli a belt 
puncli. Somotiinos specially i)rcparcd rubber packings are used 
for this purposi*. 

If llic pump is suspected of being defective the following points 
should lie looked at in order: First, tlie driving means between 
the pump shaft and the engine; second, tlic retainiug means for 
driving the impeller of a centrifugal luiinp or the driven gear of 
the gear pump; third, llu* lit between (lie gears or impeller and 
the pump casing interior; fourtli, the fit between the impeller 
shaft and its br*arings; finii, the eoinlilion of the Hit»T screen or 
strainer if a inembor of this nalui'c is interposed between the pump 
intake aii<1 interior. Tlie plungi r form of jnimp, whicli is widely 
nsi'd in marine service beeanse it is sv‘lf-j)riining and must lift 
water, and (be eee<*iilrie I’otfu* forms, are s(*hlom used on auto- 
imdules. I'raelie.allv all pumps are eitber of Ibe oonlrifugal pat- 
t'Tti shown at Fig. 174 or of the gear pat tom oulliruMl at Vig. 178, 

Methods of Fan Belt Adjustment.—If the motor lieats up 
wiien the »‘iigine is running and the ear standing siill, it is nect3s- 
sar.v to inspoel tlie fan driving means to mak(‘ sure iliat this is 
functioiiijig propeily and that the fan is turning all llie time the 
engine is running. Most fans are (lat belt clrivtn, and are moimtcd 
on .some form of bracket that will permit of maintaining the fan 
driving belt at tlie jMojier tension to insure positive rotation of 
the fan blade.s. Some of tU(‘ most common adjusting means are 
outlined at Fig. 175. At A the fan is nioimt(‘d on an extension 
from an oee(«ntricaIly nioiinted piece wliieh may be Inrnod ill the 
clamping support to increase the distance between fan pulley and 
driving pulley eeiibTs. In addition to the eeeentrie. provision is 
made for^keeping the fan belt at the [>roper ilegree of tension by a 
coil spring attached to a lever fa.stened to the fan .supporting 
(Ttink at one end and to the sujiisirting bracket at the other. A 
similar method is shown at 11, as the fan shaft is cai’ried at one 
end of a bell crank which fulennns on a supporting member in 
such a way that the tension of the coil spring on the long arm 
of the bell crank keeps the fan bolt tight. At.C the fan sul)por^ 
ing standard is of tubular form and may be raised or loAvered 
m the socket at iis lower lual. When the proper degree of ad* 



346 


Automobile Repairing Made Easy 



SU?K)RT 


mmr- 

atJPKJRT 


FAN 

DtLT 





^FAN I 

supporting eccentric 

BELL / , , 

CRANit (I / / ^ 

FAN BELT 


SUPPORT 
CLAMP 

check 

NUT 


‘ adjustment’ 
SCREWS 


FAN 

SUPPORT 


LAMP 



1)1 


!Fig« 176.—Methods of Adjusting Fan Belt Tension Outlined. 
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justnicnt is sofui'wl tho fan support may bf firmly cJaruppd in 
position. At D the fan is carried by a simple lever which swings 
about a boss attached to the cylinder. In order to alter the fan 
belt tension the clamp nuts may be loasened and tho lever swung 
over until tlic bolt is properly tightened. This adjiistincnl is re¬ 
tained by tightening the clamp nut. Anolber apjdicalion of the 
ceceiitric )>rincipl(5 is shown at E, while another form of swinging 
.supporting lever is oullined at F. Tlie method at G is distinctive 
a?Kl very accurate a<ljustmcnt of the belt tension may be secured. 
The fan )mb rotates on one end of a lever which swings on a 
liinge formed integrally with the water manifold. Adjustment 
screws are provided at each side of the liinge to regulate the 
height of the fan. To Hgbtcn the fan belt the adjustment screw 
nearest the fan must lu* serewed down to raise tin' fau supporting 
lever, while that at the otln‘r end must be screwed out tbe same 
amount as tbe otlier is screwed in. AVbcn the prop<!r degree of 
leiisiou is obtained the adjustment screw's may be locked with 
suitable check nuts. 

Lacing Plat Fan Belts.—Lacing a fan belt is not a difficult 
operation, hut unless care is laketi in poi'forming tlie w’ork it is 
not easy to obtain a joint that will be neat and enduring. Certain 
prelimiiiHry jiroeautious arc necessary, an important j)oint to ob¬ 
serve Iwing to make .sure that the approximate edges of the belt 
be cut straiglit and at right angles to the longilndinal edges. The 
boles should be jnnicbed through with a belt ]nnich, should be no 
larger than absolutely necessary, and should be distributed so as 
to weaken the belt the least. Belts used for driving cooling fans 
are seldom wide enough for more than throe b les. It is not al¬ 
ways possible to obtain rawliidc belt lacing narrow enough to be 
used with tbe.se narrow belts, but it is possible to cut strips from 
the wider lacings such as can be obtained from any machine shop. 
Tim cutting may be done as indicated at A, Fig. 176, it being 
important that the knife have a very keen edge. The knife should 
be held betw'een the fingei*s and the palm of the hand so the thumb 
can be employed as a guide to maintain tbe strip to be, cut off of 
regular width. The lacing to be split should be given a preliminary 
cut of about two inches, then the knife should be placed with the 
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point resting on u beiicli, Ibo blade being iiiclined slightly to secure 
a good cutting angle. Take hold of the strip to be cut off with the 
free hand, and by pressing the thumb firmly against the edge of 
the lacing and the bench draw the strip carefully upward. When 
the laces are cut, trim the ends to a long, narrow point, so these 
may ho inserted in the holes i>unched in the belt. 

In lacing a holt, first stick one lacing end through one of the 
(!(*Titer hob s in tlie belt from the under side, which is the portion 



Fig. 176.—Method of Lacing Flat Fan Belt. 


that will run next to llio pulleys. Repeat wdth the other end of 
the belt lace aiul draw the ends of the bolt together, as shown 
at B. Next place one end down through the side hole at the 
opposite end of the licit and bring it up tiirough the hole ou the 
same side of the end of the belt, as shown at C. Repeat this 
operation with the other end on the other side, as shown at D. 
The last step is to tie the ends of the lacing together at the top 
of the belt and cut off the surplus material. The three strips on 







Method of Lacing Fan Belt 

Ihe umior side of the belt will run parallel to each other and there 
will be no buiicliiug to interfere with smooth running over the 
pulley. Metal belt lacings are sometimes used for this purpose, 
but these are not so satisfactory as the mc»ro pliable material, 
owing to the small diameter of llu; fan pulley. While the flat 
belt is the type most gcnc'rnlly used, as it is the moat Bervic(‘ab!e, 
the round section bells arc sometimes employed, these running 
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Fig. 177.—Hose Olamps of Good Design. 

over groo\ed pulleys, or V belts running in 28 degrees straight 
side grooved driving members. 

Hose Clamps.—Tim pr(»blem of compr<;ssing the rubber hose 
connections tightly enough aroiiml the iiiaiiifold and piping of 
the radiator so they will not i)ermit watei* to escape at the joint 
is dif^cult to solve unless bosc clamps of good design are used to 
compress the hose in firm contact with the pipe. The simplest 
form of hose clamp to have received general application is shown 
at Fig. 177, A. This is made of a band of sheet metal, stamped 
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aud bent to the form sliown. A elami> screw is used to tighten 
tile clamp around the hose. While this form is generally used, 
it is sometimes possible to screw these up so tightly that the open 
ends will abut without foriniiig a light joint. Difficulty is some¬ 
times experienced with tliis form when replacing worn hose witli 
new ill closing tlie cuds enough to catch the nut on the end of the ’’ 
clamp screw. TJiis calls for the use of a longer clamj> screw than 
that ordinarily fnniislicd with the clump. Auolhci* rvisadvanlagc 
of the form shown at A is that it will tit but one size of hose. 

Tile Morgan hose clamp, which is sliown at 13, has llic advan¬ 
tage of being rjuickly attached and of being used uith several dif- 
fiTcnt sizes without altcraliou. As will be noted by tile illustration, 
it includes a flat band and l)uttress, and a slot in the latter permits 
of quiek adjustment. The band is secured ))y a T head bolt carry¬ 
ing a wing nut, as indicated. TIic band is j)rovidod witli several 
holes for the purpose of fitting difi’erent sized hose. The clamps 
come in a variety of sizes and one of the good qualities of the 
design is that no tools are necessary to adjust it. Another form 
of clamp that lias the advantage of licing adaptable to a luuuber 
of sizes of hose and which also insures a tight joint is shown at C. 
The main portion of the device is a stamped buttress which has 
a wire clamp fastened at one end, designed to encircle the liose 
forming a guide in the channel section for the threaded end of 
the clamping wire which is guided by it and wliicli is tightened 
by means of a winged nnt. These clamiis are much superior to the • 
cheap form of wdre hose clamp used in connection with garden 
hose which calls for the use of a special tool to apply it. Adjust¬ 
able clamps are necessary because it is imperative to have water 
joints of such a nature that they may be readily broken when 
necessary. 

Bestoring Broken Water Pipe.—In attempting to remove a 
water manifold made of brass tubing from a motor cylinder a work¬ 
man used a large wrench in endeavoring to unscrew a nut rusted 
in place. The wrench slipped and bent the tubing in the manner 
indicated at Fig. 178, A. The tube was thin and was coupled to 
the cylinder by a flange and nut coupling, the pipe being flared at 
the end to seat against a corresponding male member screwed into .) 




Fig. 178.—^Illustrating Procedure in Bepairing Damaged Water Manifold. 
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the water jacket, and was held in place hy a nut. In a case 
of this kind it is cheaper to make a new' piece of pipe for the end 
than to attempt to straighten out the damaged section. The first 
operation was to bend a piece of tubing of tiie required ske to the 
proper contour to form tlie end of t!ie manil'ohl. The end of — 
the tube was plugged with a piece of W(Kid »]iiven tightly in place; 
the tube was then filled with sand. iVltiT lieating the tube at the 
point wlierc it was desired to ])»'Tid it, it was beiit to tlie required 
angle by inserting the end into a hole bored in a hardwood block, 
held firmly in a substantial vise as indicated at B. 

The Jiext step aTter the sand liad been reinov(‘d was to form 
the bell mouth or fiare at tlic end. Tliis was aecoinplished as shown 
at C. A pieeje of liardwood was shaped a gradual taper and driven 
into the tube to exi)aiul the end slightly. A short piece of round 
steel rod was bent and lield in the vise and the tubing was care¬ 
fully flared out by continual tap[)iug with a hanuner and keeping 
the tube turning so hammer blows were distributtul uniforndy 
around tlic end. It was necessary to anneal the end of the tube 
several times during the process. Wluoi forincd to tlie pr(q)or ^ 
contour it was again annealed, and while still ])ot was drawn into ^ 
its final shape hy fitting it to the uipph; in tlie cylinder under 
the pressure j>rodueod by scre\vi»ig tlie eimpling nut dow’n tight. 
The concluding o]>eration was cutting (»fi* the tiihing to the de¬ 
sired length as it had been left longer than necessary to facilitato 
handling. 

In fitting the end of the tube to the manifold it w’as decided 
that a re-enforced joint would be superior to any other-, and that 
a neat job w'ould be obtained if the re-enforcement was placed in¬ 
side of the pipe. The cud of liic tube and the manifold as wrell 
were carefully squared up with a fine file till they butted together 
perfectly. A piece of brass was rolled into a tube about tw’o inches 
long, the outside diameter being about the same as the internal 
diameter of the tubing. This was carefully cleaned and tinned 
and the inside of the tube was similarly treated. The parts wore 
heated and the tube used for re-enforcing was placed inside of 
the manifold and sweated into place. To make sure that it would 
not move tw'o small holes were drilled through and pins driven ^ 




Fig. 179.—Steps in Repairing Leaky Radiator. 
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in to prevent movement of parts. Tlie short bent piece of tubing 
was then heated up and slipped over the re«enforcement until it 
butted against the end of the manifold. To insure that the joints 
would line up the rannifold was connected to the cylinder, then 
the entire assembly was healed and solder supplied around the 
jointa to insure tiint the sweating operation would be successful. 
When completed, the joint had the appearance shown at D, this 
4)eing a sectional view where the. repair was made. 

Badiator Repairs.—Radiator repairing is an operation that re- 
()uin‘s nioio skill than the average motorist or ro}>{iirman possesses, 
unless the leakage is at a pt)int where it may be easily reached. 
It. is not diflieult to solder oiu'n seams op eracked joints in the 
upper or lower radiator tank iM)rtions, hut il is extremely diiheult 
to seal a leak in the radiator interior, espeeiall.v if that niembor 
is of the honeycomb or cellular construetiojj. Wlien the radiators 
are built, all the joints arc* trj*ated at th<^ sjime time by a process 
of dip s* Idering, in which the entire section is coated with soldering 
tlux and placed into a bylli of molten solcler w'hich i)eiietrate.s all 
joints. In attempthig to make repairs in the interior of a cellular 
radiator hy using the usual form of soldering copper, the. inexj)ert 
repairman is very aj)! to start more joi)its leaking, unless the iron 
is very carefully handh^d, and in many cases the radiator is worse 
than it w’as before. 

A number of compounds is offered for placing in the radiator 
to seal leaks. These are usually of a glutinous nature and soluble 
in hot water, the theory being that tlic solution w'ill solidify on 
striking the air and seal the crank, (/ompounds of this nature 
should never be used in a radiator that can be repaired by any other 
means, and arc a desperate la.st resort that the owner or repairman 
has recourse to in making temporary repairs. 

If the leak is not a bad one, and is at a point where it can 
be reached without trouble, it may be sealed as shown at Fig. 179. 
The fii’st step is to empty all water out of the radiator and remove 
that member from the frame so it may be tilted as desired to insure 
. that the solder will penetrate to all points of the leaky, joints- 
The first operation is to clean the metal adjacent to tlie leak care- 
p fully with a very fine file pr scraper, as shown at A. After the 
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soldering flux lias been applied to all points where it Is intended to 
place solder a very small soldering copper is used to melt enough 
metal from a piece of wire solder to fill the opening. This is shown 
at B. The reason the small soldering copper is recommended is 
because the large one holds so much heat that other joints may 
be started before the leaky one is properly sealed. The soldering 
copper used should have a fine point so it can penetrate into the 
interior of the tube to some extent, if necessary. The final oper¬ 
ation indicated at (' is to remove the surplus metal from tin* sides 
of the tube witli a fine file. 

If the leak is some way inside of the tube where it eafinot be 
reached handily, it is possible to fill that tube up with some quick 
drying iron comciit ami prevent tlie leak. This cannot be done 
very often, as if :i nuniljcr of the lubes are blocked uj) in this way, 
as is very probable in rejiairiug an old radiator, the available 
cooling surface will be gr«*atl.v I’edueed, as tliere will he no oppor- 
lunity for tbe air eurrenls lo ]jass through the scaled opening. 
The safest plan is lo return tlic* radiator to the luaniifaeturer for 
reimirs, as f<‘w repair shops have the .skilled workmen or facilities 
for doing work of Ibis kind. 

Defects in Carburetion Gronp.—Troubles in tlie carburetor 
and fuel supply system are usually indicated by ovcrlu uting of tho 
engine if the inixlure is too rich ]).v misfiring or irregular opera¬ 
tion if the fuel is not 8Upplie<l in proper (piantities or by loss of 
I)Owcr, even though the engine may be nniniiig regularly. There 
are a number of points in the fuel system wlicrc defects may 
materialize besides the carburetor. In fact, tlu* construction of 
these mixing devices lias beem refined to sue)] a i)oint at the present 
time that very little trouble is apt to exist in th 5 carburetor. In 
order to understand th(‘ conditions making for poor carburetion 
we must first study the carburetion system as u whole lo see of 
what units tliis is composed, then the defects apt to materialize 
in the different devices must be enumerated. 

Ill tracing carburetion troubles the fii*st thing to do is to see 
that there is an adcfiuute supply of fuel iii the tank, next to make 
sure that it reaches the carburetor. If the carburetor is provided 
with a drain cock this may be opened up, and after the opening 
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is cleaned out with a piece of wire the gasoline should run out 
in a stream the full size of the drain cock nozzle bore. If no 
liquid escapes from the drain, the fuel pipe should be discon¬ 
nected from the carburetor, taking care to shut off tlic fuel valve 
at the lank before this is done, and after the coupling is removed 
the gasoline should be turned on again to make sure that Itic 
fuel feed pii)c is clear. If a good stream of gasoline runs out 
of the feed pijjc one may assiunc that the trouble is at the car¬ 
buretor. If no liquid issues fron the end of the fml pipe, or if 
it drips very slowly, it is reasonahle to assume that the supply 
pipe is clogged and tliis must be removed and cleaned out oitiier 
by running a fine l)ut stiff wire through the bore or by blowing out 
the pipes thoroughly with compressed air. The trouble may bi- 
due to clogging of tii(i strainer or filter in tlu‘ fuel pipe line as 
well as ceijstrlelion (»f the pipe ]>ore. 

Fuel Supply Methods, Gravity Feed.—The simplest of all fm l 
supply metiu'ds is that in whicli tlie gasoline flows to the carburetor 
by virtue of its weight or gravity. Such a system is clearly show'u 
at Fig. 180, which represents tlie method of fuel supply used on 
Ford automobiles. It is necessary that the tank or fuel reservoir 
be carried higher than the carburetor, and that it be ]>lac(*d in 
such relation to tJiat nu'nil)er that even thougli the tank is nearly 
empty and the car climbing a steep hill, the gasoline will still flow 
to the carburetor. The fuel is carried in a cylindrical tank placed 
under the front seat in this ca.«e, and is joined to the carburetor 
by a length of flexible copper tubing. A sediment bulb is placed 
at the bottom of the tank, this having a shut-off valve to interrupt 
the flow from the tank when desired and a sediment drain cock 
at the bottom through which foreign matter can be drained off 
from the bulb where it collects. "Water or grit is heavier than 
the gasoline and will naturally settle at the bottom of the bulb, 
and as the fuel pipe is attached at the top of tlie bulb, one is not 
apt to have water or other foreign matter enter tlie carburetor 
float chamber. As an added precaution, a gauze filter is placed 
at the outlet to arrest any light particles, such as liut, which might 
be floating in the gasoline and which would not settle to the bot¬ 
tom. The flow from the tank to the carburetor float chamber and 
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the internal construction of the carburetor itself is so clearly 
shown that further description is unnecessary. 

Sometimes when the tank is placed under the seat and it is 
not possible to place the carburetor low enough to insure positive 
feed at all times, the tank is arranged so that air pressure will 
be pumped in to displace the liquid. A system of tliis nature 
is shown at Fig. 181, though the ])re8surc piping is not indicated. 
It will bo noticed that the bottom of the oarhuretor and the bottom 
of the fuel coiitniner are about on a line when the fran)«‘ is level. 
If the car is ascending a gradient the carburetor will be higher 
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Fig. Fuel System In which Gasoline Tank Is carried Under Front 

Seat. 

than the tank and pressure will be necessary to force the litjuid 
through the pipe lines. Miuiy of the 1915 ears have a gasoline 
tank in tin* cowl at tlie front, just back of the dashboard. "Wlom 
ibis tank location is used it is possible to employ the gravity feed. 
system without placing the carburetor very low. 

Stewart Vacuum Peed and Air Pressure Systems.—Oars liav- 
Ing power plants of large capacity or those dcsigued for touring 
usually carry more fuel than can be conveniently stored in a cowl 
tank or a container of such size to be placed under the low seats 
now used. Tliere are two methods of causing the gasoline to 
flow from a tank when that nicmlnT is placed below the level of 
the carburetor. One of those, which is sliown at Fig. 1S2, A, in¬ 
volves the use of an auxiliary tank placed on the dash liighop, 
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than the carburetor, ^hich holds a relatively small quantity of 
gasoline and which is supplied from the main fuel tank either 
by suction feed as nt A. or by air displacement as at B. The 
system outlined at the top of the illustration has only been re¬ 
cently placed on ihe market, but is used on many of the latest cars. 
It is known as the Stewart vacuum gasoline feeding system and 
calls for the use of a special form of auxiliary tank wdiich is shown 
in section at A, Fig. 184. 

There are some disadvantages to the pr(>ssun‘ foecl sy.stem shown 
ut Pig. 182, B, where the pressure in the tank is maintained to 
a certain point by a power air pump. If the pressure rises too 
high, on account of the safety valve sticking, for instance, the 
e.xcoss pressure is apt to caus<5 the carbiirolor to Hood, and even 
if the eavhurctor does not overflow, tlie high prcs.sure often results 
. in exiMssivc eonsum))tion of gasoline. Then, again, it is important 
liiat there he sufficient pre.ssnre all llie time to insure a constiint 
supply of gasoline. If a l<‘ak starts oj* the garage man neglects 
to screw the tank tiller cover down tiglitly after replenishing the 
sii])i)ly, it may be impossible to get gasoliiie to the carburetor. 
In addition to a power ilriven pressure pump or exhaust pressure 
regulator, it is necessary to provide a hand pump for raising the 
pre.S8ure after the ear has been standing for some time and the 
tank pressure is reduced to such a point that it will not force 
the fuel to the carburetor. 

The best pressure system is that in which an auxiliary tank 
is used on the dash, a float controlled valve similar to that in the 
carburetor regulating the supply so that this tank always has a 
uniform amount of fuel therein which Is not subject to pressure. 

An idea of the complete piping of pressure systems in which 
the gasoline is fed directly from the tank to the carburetor instead 
of to an auxiliary tank is shown at Fig. 182, B, as applied to a 
touring car while the parts of a pressure system ifscd on a roadster 
model in which the tmiks are carried back of tlie front seat is 
shown at Fig. 183. It will he apparent that a pressure pipe runs, 
to the top of the gasoline tank and that this is joined to a motor 
driven pump as well as to a hand operated plunger pump. An 
^ir pressure gauge i.s included in tho system in order to indicate 
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Fig. 182.-^Fuel Supply Systems, Haying the Tanh at the Bear of the Chassis. A—The Stewart Vacuum 

Tank System. B—Showing Fuel Supply by Air Pressure. 
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if llie proper aiuoiint of aii’ pressure is availwlile at the tank. 
From the tank the fuel passes through the usual form of pipe line, 
a Kcpni'ator or filter beiu^ interposed between lli<; globe eut-Olf 
valve and the earhundo!*. In tlie system outlined pressure is also 
utilized to feed the oil fi-om an oil reservoir to the engine ciankcase 
when the proper valve is opened, ihill che<dt valve.s are placed 
at the top of tlie fuel tank in most cases to retain the ju'essiire, and, 
obviously, failnn* of this valve to seat or a leak either at the 
filler can nr in tlie pipe Hue will re.sult in toiough pressure loss 
so the fuel fecn! will be erratic., lii event of trouble with the 
fuel feed one should exaniine the ebeck valves in tin? power pump, 
jtbe tliree-way coek.s ln-lo\v the liaml piitni) must be inspected, the 
pn'ssnre line should' be e.xatiuiied at all Joints to make sure that 
Ihese are tight and ])ipes should be lociked ovit along llio entire 
hmglh for open scams. The filler cap should also la* looked at 
to see that it is liglitly screwed do\M^, and that it scats against 
a suitable gasket. 

The construction of the mechanism of the Stewart-Wanier 
vacuum system, which is contained in a tank ns at A, Fig. 1S4, is 
not difficult to un<I(‘rs(aud. The coutabicr is clivided into two 
cliambcrs, the upper one lietiig the eomparlment in which the 
gasoline from the tank, is first reecix(‘d. ■while the lowi>r one is 
eailed tlie i*mptying chamber and snpidies the carburetor. This 
clianiber is midej* atmospheric ])ressiire at all times, aud the fuel 
flows from it by gravity only. Atmosplu’ric (ires-surc is mainlaiued 
by a suitable vent pijie as ijidicated. The upper ixirtion of the 
device or filling ehambev is cnniiected to the fuel tank by one 
jupe, and to the intake manifold by aiiotlier. :n order that fuel 
may bo sucked fioni the main tank to the upper ebamber, the 
suction valve must be o})cijed and the atmospheric valve closed 
in which case tlio float is af the bottom of its travel. When the 
motor runs the siiclion of the piston draws gasoline from the 
main tank and supplies it to the upper chamber. "When this is 
filled to the j)roper height the float rises to the top ; by so doing it 
closes the suction valve and opens the atmospheric valve. The 
suction thus being interrupted, the hiwer chamber is filled by 
t gravity as both chambers are jiow open 1o the air. 
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Tile Com^t« Fuel and OU Supply Syst^ cf the National Boadstex. 
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the Ohasais. A.—Sectional View Showing Interior Conatruction of 

I Stewart Vacuum Tank. B.—Sectional View of Typical Motor XMyen 
Air Omupressor. 

A flap valve is placed at the lower portion of the discharge 
J pe leading from the upper to the lower chamber to prevent the 
* .asoline in the lower portion being sucked back into the upper 
part. It takes abput two seconds for the chamber to become full 
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e}jouj|:!i of to rais(' llic float, the ainoinit transferrerl being 

.05 jrallon. The atinosphei'ic and suction valves are actuated bj 
levers wliieb are interlocked and eonirolled by suitable niechnnica' 
coiiio-etions with the float. Two coil springs an* used so the floa 
cannot assume an intu'uicdiate |)nsition; it most, be eillicr up o 



Fig. 185.—Stewart Vacuum Tank Applied to Inlet- Obev 

rolet Motor. 


down. The only thing tliat can happen that will permit the vacu 
to become so low that it will not draw gasoline from the r 
tank is when the pressure is below four onnecs, it being said I 
this condition can exist only whcji the motor is running be. 
600 K. P. M. with fully opened tlirottle. If the car is allowr 
to stand long enough so the lower tank becomes empty, it i 
claimed that a full.supply will be obtaimnl after the motor ha 
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been crank(‘ti over four or Uve times with the throttle cIo8<hI. 
This system cun bo installed on any car and can be placed in a 
very short time witliout the use of any special tools. The auction 
l)ij)e is tapped into the. inlet manifold at a j)oint as near to the 
cylinder as i>osKi})l« wliile the fuel pljs* is attached to a member that 
runs to the bolloni of llie pisoline tank. A screen is provided at 
tiio end of tin* I'liel to etiminatc Irouldes due to sediment. 

Since the fuel is sucked from the gns<tlinc‘ tujjk tlie tillor cap need 
not ]»o airtijriit; on the contrary, it should be j)rovi(ied with a 
small M'nl se tlir iml tunk will be at almo.spheric pressure, AVbilo 
the usual met laid of installation is as outlined at A, Fig. 1S2, 
wliere the ihwiee is plaeetl on the dashboard, some makers mount 
it as indieat(‘<l al h'ig. 185. In this case it is attached to the inlet 
manifold, whicli means that short suction and fuel supply pipes 
lo tlie carbureior can be used. 

Air Pump Construction.--^Vhere the fuel i.s lifted from the 
main container by air pressure, this is obtaiiied by moans of a 
phniger pumj> in most cases, iliough sometimes a ]K)rtion of the 
e.\lianst gas is l>y-]»assed frojii lljo exhaust manifold to 1ho tank 
liirough a speeial f<trm of juvssiire reducing valve. The construc¬ 
tion of a lyj)ic.al air pump that may be used for furnishing air 
pressure, and tliat is ada])ied for placing at any convenient part 
of the power plant., is shown at Fig. 1M4, B. In essentials it is not 
unlike a small gas<dino engine. A piston having two packing rings 
reciprocates in the cylinder which Is i)rovuied wdth radiating flanges 
to assist in cooling. A conneclirjg rod joins the piston to a crank 
pin in the conventional inanncr. Tlie puniO cylinder head is 
provided with two valves, one which opens in w’hen the piston 
goes dowm to admit a cliarge of air and which closes as soon as the 
air pressure inside of the cylinder is equal to that of the atmos 
phere and is termed the inlet valve. This is carried in a readily 
removable cage which screws into the cylinder head. The other 
valve, which is called the outlet check, has an opposite taper to 
that of the inlet valve, and as u result tends to seat tighter on the 
suction stroke of i)uinp. On the compression stroke, however, when 
the air pressure is sufficiently high to overcome the spring resist¬ 
ance this valve will open and permit the air to flow to the fuel 
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tank. The troubles with a pump of this kind outside of those due to 
natural wear of the piston, rings and cylinder wall, are invariably 
valve faults. If the inlet valve does not seat tightly, a portion 
of the compressed air will escape back through tliat member. If 

the inlet valve sticks' 
and dues not open the 

V 

cylinder will not re¬ 
ceive enough air. If 
the exhaust check does 
nut .seat positively the 
pump will not produce 
any pressure, and 
trimble may he experi¬ 
enced due to leakage 
from the fuel lank, avS 
in some cases the 

pump outlet check is 
supposed to retain the 
air pressure in tin* 

main container. 

Auxiliary tanks are 
used with the pressure 
feed system, where it 
is desired to eliminate 
the danger of poor 

carbnretion due to ex¬ 
cessive fuel feed re¬ 

sulting from too much 

Pig. 186.-Sectional Vie, of Sm.U AuxUlary 

Taak Placed on Sash and Sometimes “Jte''nal construe- 

Used vrlth Oasollne Pressure Feed ^ typical aux- 

' System. iliary tank is shown 

at Fig. 186. A needle 
valve admits the gasoline according to the position of the float. 
When this auxiliary tank is empty the float falls and raises the 
needle valve from its seat. This permits fuel to flow into the tank 
from the fuel line. As soon as the proper level is reached the 
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float rises and seals the needle valve. An. auxiliary tank of this 
nature is subjected to the same troubles as the float bowl of a 
carburetor is, for the most part, these are flooding due to improper 
seating of the needle valve, or the float becoming soggy or fuel 
soaked, and troubles apt to result from deposit of sediment that 
will interfere with proper fuel flow. This auxiliary tank is in 
direct communication with the float chamber of the carbureter. The 
feed from the small tank is by gravity as in the Stewart system. 



Fig. 187.—^Air Pump fpr Producing Fuel Flow on Jeffery Four Cylinder 

Car. 

Another form of gasoline tank pressure pump of simple design 
used on the Jelfery autojiiobiles is shown at Fig. 187. This is lo¬ 
cated on the side of the crank case and is intended to be worked 
by one of the valve lifting cams. The plunger is kept pressed 
against the cam by a coil spring. Wlien in the position shown an 
air inlet in the pump cylinder communicates with the interior by 
means of an annulus machined around the pump plunger and a 
passage drilled in the plunger to communicate with the annulus. 
When the pump plunger reaches the other end of its stroke, which 
is determined by the height of the cam profile, communication is 
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)nndo fr(»m tlio cylinder interior liy the amnilns wliieli now re'ristors 
with a (liseharpo check of tiic ball form thrniiirli which the prensure 
is delivered to the fuel container. It will he noticid that the pump 
jdungcr is provided with n iiunihor of grooves which are intcjuled 
to act as packing niemhcrs wlien filled with liihrienting oil. These 
grooves also fend to reduce wear between the ])liitjg(‘r and walls 
by insuring p(»si1ive lubricity. 

Exhaust Gas Pressure Regulator.—AVliile the designs of regm- 
latiiig valves for aj^plication to the exhaust uianiftdd vary, that 
shown at Fig. 188 may be coiisideml a good cxainidc of coincn- 
tioual coTistnietiou. The i)ressure of tin* exhaust, gas wlnui il issui*s 
from the cylindiu' is t('o great to poriuit it to be passed <lire(dly 
ro llic fuel tank. Be.sjdc.s, it has consideralile la^al and must be 
^cooled to avoid danger of fire. The exhaust gas enters through a 
suitable inlet in the body of Use device wliieh is boIl(‘d to the mani¬ 
fold by a r<?tainiTig flange, iicforc passing by the cheek val\e it 
must first flow Ihrougli an <"xhanst gas filter scn’cn which not only 
Is intended to rcduc(? the ti'nipprature t)f th(‘ gas but also to pre¬ 
vent particles of carbon or <»il ]>assing from the body casting to 
the check valve ))ortion. The exhaust gas j)iessure is reduced by 
allowing a certain jtortion of it to escape to the outer air through 
the excijss pressure release valve which is kept .seabal by a coil 
spring. The pre.ssure of this sju’ing may be altered as desired by 
screwing the pressure regulating .sennv in or out. If the screw is 
turned down the spring is coinjiressed anil tlie gas pre.ssure in tie* 
fuel lank will bo iTiereasi'd because not so much of the gas will 
by-pass to the air. ff llio spring pressure is lessened, the tank pres- 
stiro becomes les.s in proportion. The check valve, is to keep the 
pressure in the tank from flowing back into tin* (‘xhaust manifold. 

AVhen a device of tins nature fails to fuTn‘lif>n t^roperly one 
may assume that tlie trouble is due to a clogged exhanst gas filter 
s<*.)*ceii which does not permit the gas to pass Ihrcnigh it, if the 
trouble is not due to poor seating of the excess i)ressnre release 
valve or cheek valve. A certain portion of oil will pass through 
with the gas despite the filter screen and this may coagulate arouiul 
the valve seats, either keeping them from sealing properly and 
allowing leakage or by retarding their action due to the sticky 
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material or gum between the valve tind seating. The first thing 
to look at is the condition of the exliaust gas filler .screen. This, 
may be readily removed by unscrewing a cap and lifting out the 
screen retaining spring. The drain plug is then removed from the 
bottom of the body casting and all the sediment washed out witii 
gasoline. Tiic clieck valve and relief valve must also be cleaned 
out and, if necessary, reground to a proper seating. If the car¬ 
buretor float cliamber overflows, due to excess pressure in the fuel 
tank, the pressure regulating, serew should he turned back or out 
ill order tlnit the release valve will allow more gas to escape to the 
air, this having the effect of reducing the tank pressure. If the 
tank pressure is too low, the pressure regulating screw should be 
turned down to tighten the spring. 

Carburetor Troubles. —There are two parts to tlie usual float 
feed carburetor and either of these is apt to cause trouble. In 
the float chamber any defective condition that will prevent the 
float control valve from seating properly will result in flooding 
which will be evidenced by a rich mixture. If the passage the 
valve controls becomes clogged up then there will not be sufficient 
licpiid in the float chamber and the engine will misfire on account 
of the deficiency in the fuel supply. If the float needle valve is 
adjusted in such a w^ay that it will close too soon the mixture will 
he deprived of gasoline on account of the level being too low in 
the float chamber. About the only trouble that can materialize in 
a mixing chamber is clogging of the spray nozzle with dirt or water 
and failure of the auxiliary air valve to open properly. If the 
spray nozzle is constricted, not enough gasoline will enter the mix¬ 
ture. If the auxiliary air valve opens too much an excessive 
amount of air will he admitted in proporiion to the gasoline, 
whereas if the valve docs not open enough the mixture will be rich. 

How to Test Fuel Level. —After a carburetor has been in use 
for .some time, wear may exist at the point of the needle valve or 
at the needle valve seat, or there may be some depreciation in the 
fulcrum joint of the lever connecting the float with the needle 
valve. A good way of testing the float level is shown at Fig. 189, A. 
The float chamber of the vaporizer is held in a vise and gasoline 
is allowed to flow from a small can which is joined to the fuel inlet 
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pipe by a piece of rubber tubing;. The gasoline will flow from this 
can into the float bowl and raise the float as the chamber fills. The 
level of the gasoline should be just a little below the top of the 
stand pipe in the mixing chamber. If tlie level is too high, this 
will be evidenced by a liquid overflowing at the standpipe, if it 



Fig. 189.—Outlining Method of Testing Carburetot Float Level, Clearing 
Out Clogged Fuel Inlet and Showing Proper Way of Connecting 
Oasoline Pipes. 


is too low this condition may be easily ascertained by inspecting 
the height of liquid in the jet. If one suspects that the jet is 
clogged or that the gasoline feed connection on tlie float bowl is 
constricted by dirt it is a simple matter to clean the passages out 
by using a compressed air hose as shown at Fig, 189, C. 

The spray nozzle of most carburetors may be unscrewed and 
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removed lor elcaiiinjf thouj?li tliis will not be neccssarj' if the com¬ 
pressed air is iitilizcid as shown. Tlie repuinunu or motorist often 
finds it necessary to rtMiiove the fuel feed j>i|)e from the carburetor 
and it is often noticed tliat after tliis is replac(‘il a sh»\v leak will 
develop around the joint. It is not ditlieult to connect the coupling 
if this is jiropcrly done, Imt it is important tliat llie nut of tbe 
coupling is started evenly on tlic threads of the joints. Tlic nut 
is often lightened when it is cross threaded and sometimes, even 
wlion successfully startiid it iiiusl la* screwed all »)f the way homo 
with a wrench due to eranipiiig of the j)ii»e. The right and wrong 
ways of oonneeting a Feed i»ipe are shown at Fig. ISO, 1) ami K, the 
former indicating what to avoid while the lathT shows the correct 
method. The illustration 1), shows wliy the novi(!C often fails to 
make a proper connection and succeeds only di marring the first 
two or three tiiivads of the joints. Tlie lower illustration E, shows 
the joint properly made. The secret is lo secure; pntper alignnn'nt 
of the components before making a connection. If after having 
properly aligned tin; parts and screwed the nut fairly tight, the 
joint sliould leak slightly, do not excTt undue strain on the union 
in an endcavoi' to make a tight conneetion, but loosen it and ap]>ly 
conimon yellow laundry soap to the thrca<ls aiul screw it back in 
place. 

Jf a pipe is a short one and then; are two couplings, it is well 
to loosen both unions and start tlic uuU at each end at tiie same 
^ time, screwing them down together. In this way a tube bent in 
; several places, which tends to 8hort(*n it, may be straightened with- 
‘ out straining any of the threads on the joints and besides it is al- 
: ways easier to center a loose pipe and start the iint correctly on 
i the thread than to try and line up a pipe fastenetl rigidly at 
one end. 

^ It is not always ni*ees.sary to gauge the distance between the 
top of the spray nozzle and the fuel it enrilaius in order to detcr- 
^ mine if the fiuat level is at the correct point. With a 1914 Cadillac 
' carburetor, tlie level of llie fuel is U‘Sted by I'cmoving the bowl 
or float ebambor fnnn the carburetor, taking out the spraying 
I nozzle and attaching the bowl to the fuel supply pipe. "When the 
S chamber is held in a i>erfeetly level position the distance frpm the 
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top of Die float bowl u> tiio gasoline should be from .6562 inch to f 
.7187 iiieh. If less than the first named distance, correction may ^ 
be iiuide by bending down the arm A, sliown at Fig. 190, B, slightly! ^ 
If the float has to be removed, shellac the screw at B, to prevent 
it working loose when replaced. It is sonu.'tiines necessary to • 
grind the float controlling needle valve to a new’ seat. This may . 



Pig. 190.—How to Set the Automatic Air Valve and Float Iiever in 1914 ,.j 

Cadillac Models. ; 


be easily accomplished by using a very tine abrasive, such as grmd.| 
stone dust. •: 

With many carburetors au auxiliary air valve is utilized, itj 
function being to open as the motor speeds up to supply more ai- 
to the mixture. The suggestion for testing Du; air valve of th' 
Cadillac cai’bnretor illustrated at Fig. 190, A, is as follows: 
move tile small cover over the air valve by taking out tw’o sraa^; 
screws retaining it to the botly of the carburetor. Next, take oui 
the small split pin near tlie top of Die air valve stem and reinov^ 
the latter coinf)letc with stem from the adjusting iiut, Ilold tb,- 
air valve as indicated in the sketch and measni*e the distance fron 






374 Autoinobile Repairing Made Easy 

3ie leather face of the air valve to the underside of the collar on 
the air valve stem, which should be about 1%® inches. If the dis- 
Uuice is more than this it shows that the air valve spring is weak 
Vnd a new one should be substituted. 

Relative to the position of the float it is Bometiiues possible 
that too high a level of fuel is due to the float being heavy, which 



Fig. 101.—Showing Points in Carburetion System where Air May Leak 
' In and Cause Faulty Carhuretion. 

b 

tfesults when it absorbs a certain amount of fuel. This, of course 
*;^pplies ouly to cork floats. Before bending the arm to which the 
tloat is attached, remove that member and dry it thoroughly. Then 
t.jive it one or two coats of shellac. In some types of carburetors 

is possible to alter the level by adjusting the float aud to ascer- 

it: - - , . ’ 
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tain when this is correct hy comparing the level in the glass float 
howl with a line etched on the float howl wall. 

Influence of Air Leaks. —If any difficulty is experienced in 
throttling down, that is to say, if it is impossible to have the motor 
run steady with the throttle closed without using a richr mixture, 
one may assume that the trouble is due to air leaks w'bich dilute 
the mixture. There arc a number of points about a motor where 

the leakage may be manifested. The main points are indicated at 

» 

Fig. 191, A. Air may enter through leaky gaskets eitliei* where 
the carburetor fastens to the manifold or where the manifold at¬ 
taches to the cylinder casting. Lealcs at these points arc hard to 
detect as they only occur when the x^iston is going down in the 
cylinder to suck in a charge of gas. Air leaks mas also be present 
around the compression relief or priming cocks wlicre they screw 
into the cylinder, at the valve chajuber cap threads or around the 
spigot joint of the rel(*ase cock. Leaks arc also apt to matorialize 
around the spark plugs wlicre the.se screw into the cylinder or be¬ 
cause of defective packing in the spark plug body itself. Lcakt 
at this point will be clearly ovidentied by oil deposits around the 
leaky portions or if the leak is serious by a hissing noise. Under 
these conditions it will be evident that unless tliat carburetor is 
adjusted to supply additional fuel to compensate for the air leak¬ 
ing in that the motor will run irregularly and that it will only 
run evenly when speeded up so that the suction draws in the re¬ 
quired amount of gasoline. If ^.hc mixture is set rich at low speed 
to compensate for the air leaks, it will be too rich at high speeds. 

The air leak may bo around ii defective gasket as shown at Fig. 
191, B, or due to a loosened retaining screw wliich permits the 
* manifold flange to spring away from the cylinder to some extent 
or the leak may result from a defective inlet valve stem guide bush¬ 
ing as shown at C. If the exhaust valves do not scat properly, as 
indicated at E, a certain amount of burnt mixture will be drawn 
in from the manifold which will mix with the fresh gas and dilute 
it just as air would. Air leaks may hv. easily tested by squirting- 
oil or soapy water around the points suspected of being at fault. 
If any leaks exist they will be noted by bubbles in the liquid. If 
there is a leak on the suction stroke the liquid will be drawn into a 
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erevicc wlnle the leak will show on the compnwaion stroke by 
blowing the liquid away from the crack because of the escaping air. 

Ju cJeiuiiiig a badly sooted spark plug it is sometimes necessary 
to dismantle it. In iM*assemhling, one may fail to screw down the 
packing gla)id light enough against tlic shoulder of the porcelain 
to have that member gas tight. If the leak is around a tlircaded 
member such as a petcock or valve chamber cap the faulty i)icce 



Fig. 192.—Method of Cutting Inlet Manifold Gasket. 

should be removed and the threads coated with graphite pipe com-'* 
pound and replaced. If the gaskets or packing inenibcrs are at 
fault, it is a simple matter to rcj)laee them. The air leaks are 
sometimes due to blow holes in a cast aluminum manifold or to 
leaky joints in a brazed, built-up tubular manifold. The only way 
they can be detected when in thes<? members is by painstaking 
search with oil or soapy w'ater as previously outlined for testing 
petcocks and valve chamber caps. 

Cutting a gasket is not a difficult operation if this is to be^ 
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made of some sheet paoking, sucli as asbestos or rubber. Tho 
methods outlined at Fipf. 102 for Tnai*kiii{r out and euttiiig a gasket 
by using tlie manifold itself as a guide, are those generally eui- 
ployeil by autouiobilo jupairmon. Tin.* usual location of a gasket 
between the cylinder casting and manifold is a.s shown at A. At 
B, the method of tamping out tlie >stuipo of the gasket is clearly 
outlined, though hotter rcstdts are obtained by usuig a ball pcen 
hammer instead of the form shown. After tiie gasket has been 
marked out, if the material ])erniits, such as can be done with the 
rubber packings used under water manifold tlangcs, it may be easily 
cut to shape l)y using a sharp ciiisel in the mannei* indicated at C. 

Notes on Carburetor Adjustment.—The modern tioal feed car¬ 
buretor is a <le1ieafe and nicely balanced appliance Unit rerpures 
a certain amount of atleiilion and care in onler to obtaiii the best 
results. Tlie adjnslment.s can only be nia»le by one jmsse.ssing an 
intelligcjit knowledge of carburetor eonslruetioii and must never 
be made unless tin* reason for changing the old adjustment is 
understood. Ilefoie taking up the adjustment of the leading forms 
of earburet«)i’S. a lew hints regarding the quality to he obtainetl 
iu the mixture should he given .some coiisideratiou, as if thes(i are 
projKTly understood this knowledge will prove <jf great assistance 
in adjn.sliiig the vaporizer to give a good working pro]»ortion of 
fuel and air. Tliere is some qiu'slion regarding the lust mixture 
proportions and it is estimated that gas will bo ex]>losivc in which 
ihe propoilions of fuel vapor and air will vary fnim one j)urt of 
the former to a wide range included hetwerii four and oighteeu 
parts of the latter, A one to four mixture is inue.i too rich, while 
the one in eighteen is iniich loo leaii to provide positive ignition. 

A rich mixture should ])e avoided bc'oause the excessive fuel 
used will deposit carbon and will soot tlie cylinder xvalls, combus¬ 
tion eliambcr interior, piston lop and valves and also tend to over¬ 
heat the motor. A rich mixture will also sei’ionsly interfere with, 
fh'xiblo control of the engine, as it will clioke up on low throttle 
and only run well on open throttle when the full amount of ga^ 
is needed. A ricli mixture may be quickly cliscovi*red by black 
smoke issuing from the muffler, the exhau.st gas having a very 
pungent odor. If the mixture contains a surplus of air'-thece will 
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be ^popping sounds in tlie carburetor, which is commonly termed 
blowing back. To adjust a carburetor is not a difficult matter 
when the purpose of the varioiis control members is understood. 
The first thing to do in adjusting a carburetor is to start the 
motor and lo retard the sparking lever so the motor will run slowly 
leaving the throttle about half open. In order to ascertain if the 
mixture is too rich (!ut down the gasoline flow gradually by screw¬ 
ing down the needle valve until the motor commences to run ir¬ 
regularly or misfire. Close the needle valves as far as possible 
W’ithout having the engine come to a stop and after having found 
the minimum amount of fuel gradually unscrew the adjusting valve 
until you arrive at the point where the eugiuc develops its high¬ 
est speed. AVUen this adjustment is secured the lock nut is screwed 
in place so the needle valve will keep the adjustment. The next 
point to look out for is regulation of the auxiliary air supply on 
those types of carburetors w'here an adjustable air valve is pro¬ 
vided. This is done by advancing the spark lever and opening the 
throttle. The air valve is first opened or the spring tension re¬ 
duced to a point where tlie engine misfires or pops hack in the 
carburetor. When the ])oint of maximum air supply the engine 
will run on is thus determined, the air valve spring may be tight¬ 
ened by screwing in on tin? regulating screw until the point is 
reached where an appreciable speeding up of the engine is noticed. 
If both fuel and air valves are set riglit, it w'ill be possible to aceei- 
eraite the engine speed uniformly without interfering with regu-- 
larity of engine operation by moving the throttle lever or accel¬ 
erator pedal from its closed to its wide open position, this being 
done with the spark lever advanced. All types of carburetors do 
not have the same means of adjustment, in fact, some adjust onl}^’ 
with the gasoline regulating lever while in others the mixture pro¬ 
portions may be varied only by adjustment of the quantity of 
entering air. AVe wdll now consider the construction and adjust¬ 
ment of various makes of carburetors that have received general 
application and that may he considered as standard forms. 

Browne.—At Fig. 193, a novel carburetor of .recent develop¬ 
ment is shown in whieh no adjustii^ means arc provided and it 
is said that one size of earbiiretor will serve all motors, the only 
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change being that of the effective auxiliary valve opening in^hich 
is altered for different motor sizes by the use of a specially con¬ 
structed bushing placed above the valve. It is claimed for this 
device that it feeds a fuel and air mixture of constant ratio regard¬ 
less of speed or load. 

The Browne is a single-nozzle carburetor with a conventional 
float arrangement on one side to which the fuel is fed and from 



Fig. 193.~-8ectional View of tbe Browne Oarbnretot. 


it the gasoline is run to a nozzle located in the throat of a venturi 
passage. The air valve is on the opposite side of the mixing cham¬ 
ber and in, this construction it differs radically from other types of 
carburetors. In action the single nozzle with a 7-degree diMharge 
and 30-degree approach feeds the fuel and a primary air inlet 
surrounding this nozzle feeds the air. In addition, the auxiHary 
air valve acted upon, it is claimed, both by the vacuum created 
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by oiiginn-suction and M-locity of aiv past llie fuel nozzle, feeds 
adtUtional air in IIk* prop<T propoi’tion to the speed and load re- 
Ifurdless of ])Hroinetrie conditions 

As shown in illiistnition Fi*'. 1})3. the auxiliary air valve is 
located in a cluiinber wliioli is in coinniujileation ^Yit,ll the vontnri. 
I’ndenioalli tl>e valve is a spi’inj? by n)(‘}Uis of whieli valve return 
is ol)talned. Above tin- valve is a bushing with a curved surraeo 
and as the valve opens or goes downward the valve oj)eriiiig is 
increased. A cover is prtnidod for the valve chamber. Since the 
passage from the valve chan»ber to the venturi ends at a ])oint in 
lijje with the nozzle, any vaciiniu tending to cause fuel flow als«) 
will act through the passage on the auxiliary air valve, thus oj>en- 
ing it against s|)ring tcjision. As Ihe vacuum increases the valvc' 
goes downwanl, the 0 [)eni]ig at tlu' tnj) becomes greater and more 
air is allowed lo How between the bushing and tlio valve. Thus 
the vacuum in the small chamber underneatli the valvc determines 
the extent of valve ojaming, and .since for a given vacuum there 
is a definite fuel How, for each rale of fuel flow there is a definite 
valvc i)osition. 

In order to i)i'evont fluttering of tlie valve and tui exeossivoly 
rich mixture directly after thn»ltle ciosing, a l)all is j)laced in the 
passage leading to the vacuum clianiber. Tills ball is made of 
bronze and is sliglitly raised from its seat. When Ibe, air valve 
is being depressed the ball olVers no resistance, but when the valve 
starts to clos<* a resistance is inttTposed, which i)revent8 fluttering. 
Also, when the air valve is closed suddenly, due to throttle closing, 
there is a temdenoy for tlie nozzle to feed too much fuel, duo to 
inert-ia of the gasoline. It is said that the ball retards the move- 
i ment upward of the air valve in the same proportion as the fuel 
flow is continued, thus maintainiug a constant mixture during the 
period of throttle closing. In order to prevent any dirt getting 
between the valve and the cylinder there is produced, by means of 
the passage at the right of the air valve, a vacuum equal to that 
on the fuel nozzle. This vaciinm keeps the joint effectively clear of 
all possible obstruction, it is claimed. 

The priming lever shown, when pulled, depresses the float in 
(■ the usual way. This floods the float chamber, but when the fuel 



King Hi on C aw u rvi or 


381 


reaches a. certain point it ovcrtlows lliroiigli the dnet shown, which 
loads to a eiipliki* portion in the primary air intake. Tlic Juol is 
drawn from this cu]) throii;rh the vertical tube shown into the 
venturi, whore it is sprayed hy tlio cnlerinj^ air, which is at high 
velocity. Anollici* fralure of tho lirowno is the float cliamber 
(Irniii, Avliieh is iji the fonii of a needle valvt*. This makes a simple 
coiistrueliiin and one rjiiilo as efl’eelivo and more accessible tlian 
soni(‘ ol' I lie iiiideriieatli control cock arraimemeiits. 
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rig. 194.—Anieiican Carburetor Designs that Have Beceived Wide 
Application. A.—Kingston. B.—Tbe Scbebler Model E. 


Kingston. —The Kingston carburetor shown at Fig, 194, A. is 
of tlie pattern having adjuBlment only by fud regulating needle 
valve. This is located at the top of the carburetor ind screws down 
into the spray nozzle to vary the size of the opening providing 
coniinuiiicatioii between the interior of the jet and the float chara- 
her. The auxiliary air supply is admitted by a scries of ball valves 
of different sizes, these lifting according to the degree of suction 
to admit more air progressively as the bnttei-fly throttle valve is 
opened and the motor suction becomes greater. This carburetor 
is a very easy one to adjust as the mixture pnijjortions are altered 
by a regulating needle. The float is of cork and controls the small 
needle valve through a simple lever of the first class. 

Schebler, Model E. —This is a very popular form of carburetor 
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and has been very widely applied, especially in marine service. 
It was used on many of the early forms of automobiles but has 
been displaced by improved forms. The amount of fuel drawn into 
the mixture is altered by a needle valve located at the bottom of 
the carburetor and which regulates the size of the spraying orifice. 
The auxiliary air supply is controlled by a leather valve which 
is kept seated by a coil spring having a tension regulating screw 
to limit the valve opening. As the tension of the spring is in¬ 
creased, the valve opens less owing to tlie augmented resistance of 
the spring. When the spring tension is reduced the air valve will 
open wider and allow more auxiliary air to flow into the mixture. 
It will be noted in both of the carburetors shown at Pig. 194, that 
the primary or main air opening is not variable. This is set to cer¬ 
tain proportions determined by experiment when designing the 
carburetor. 

Overland-Schebler.—The device outlined at Fig. 195, is one 
of the most recent developments of the Sehcbler carburetor and is 
the form used on some models of Overland ears. The internal 
construction is clearly shown at A in the sectional view, wdiile the 
external parts are plainly outlined at B. The instructions for 
regulating this carburetor are as follow's: First, seat the needle 
valve, which is indicated as A in the sectional view, by turning 
the adjusting screw to the riglit until it stops. Do not use pressure 
on the screw after it meets with resistance. Then turn it to the 
left about a turn and a half and prime or flood the carburetor by 
pulling on the priming lever and holding it for about five seconds. 
Open tlie throttle by moving the throttle control lever about two- 
thirds across the quadrant. Start tlie motor, then close the throttle 
slightly, retard the spark, and adjust the needle valve adjusting 
screw in and out untE the motor runs at the desired speed and 
hits regularly on all four cylinders. When a good adjustment, 
lias been secured for low speed with the motor running idle do 
not alter the needle valve adjustment any more, but make the 
intermediate speed and high speed adjustments on the dials sho^. 
First adjust, the pmnter on the intermediate speed dial moving 
from the figure 1 towards the numeral 3, and setting it about half 
way between. Now advance the spark lever and open the throttle 
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Fig. 196.—'Views Showing Constractiou of Late Model Schehlex Carburetor. 
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so the roller running on the track below the dial is in line with^ 
the intennediHte speed adjustment dial. If the motor backfires 
with the throttle in this position, and the sjmrk advanced increase 
the gas sui)ply by turning the ijidieator a little more toward the 3 
on tlie dial, or if tlie mixture is too rich, cut down the gas supply 
by turning tlie indicator back towards the numeral 1 on the dial' 
until satisfied that the motor is running steadily at the intermediate 
position of tlie throttle. Finally, oi)ou the throttle wide and make 
the atijustnient with the high speed dial for high speeds in the 
same manner as you have made the adjustment f<U' the intermediate 
S|)eod. In adjusting the earhuretor hy this inetliod tliere is a ten¬ 
dency to give too rich a mixture. Therel'nre it is advisable when 
making llieso adjustments to cut down the gasolijie needle until 
the motor begins to misfire, and then to increase the fuel supply 
gradually until tlio motor hits evenly on all four eyliiulers. Tlu* 
auxiliary air valve rogulatiiig screw should also he adjusted in 
order to secure tlie best valv«' openings for high motor sjtecds with 
th.e wide uja iied throttle. For average ruiiuiug a mixture lean 
in gasoline will give more power and greater speed than a riclf^ 
mixture, but it will be harder to star< tlie motor Ilian if the richer' 
mixture is employed. 

Breeze.—The Bre(?ze carburetor, which is shown at Fig. 196, is 
of a coiivejitiorial pattern having znixture proportion regulation 
by neeille valve adjustment for controlling the fuel supply and 
auxiliary air valve springs tension adjustment for varying the 
air admitted. The needle valve is controlled by an adjustment 
screw at the side of the carburetor in one type which is unscrewed 
to permit the needle valve to rise out of the spray nozzle and 
screwed in to depress it into the spray nozzle opening and cut! 
down on the amount of gasoline sacked into the mixture. It will 
be noted that an air shutter is placed in the mouth of the primary 
air opening, the purpose of this being to facilitate easy starting 
when it is partly closed to produce great air velocity by the spray 
nozzle. The Breeze carburetor showm at Fig. 196, B, operates on 
practically the same principle as that outlined at A, except that 
it has a side opening through which the mixture is supplied the 
moto-- and Ihc gasoline regulating valve is at the top of the eaij 
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Fig. 195a.—Views lowing 1916 Model Schebler Carburetor Having Mechanical Interlock Between Air Valve 
and Fuel Begolating Needle« also Dashpot to Prevent Air Valve Fluctuation. 
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buretor instead of at the side, as is also true of the auxiliary aif 
valve. Tho fuel supply is regulated by a metal float which oper* 
ates the lever to shut off the main fuel inlet control valve. 

• The following instructions are given by the makers of the 
Breeze carburetors for adjusting their device: Before changing ad¬ 
justments allow tile motor to run awhile, heating it to obtain nor¬ 
mal conditions. Advance spark about to center; then open throttle 
very slightly and adjust your gasoline (flgured dial) until the 



Fig. 196.—Sectional View Showing Construction of Breeee Carburetor. 

highest speed is obtained wilh this selling j then open throttle wide 
and adjust the auxiliary air by either raisiug or lowering the 
adjusting stem on the air valve. If the motor speeds up immedi¬ 
ately, auxiliary air is correct; if motor fires back through car¬ 
buretor on high speed, it indicates excessive air, and adjusting 
stem should he drawn up; if slow in picking up, it Indioafes a 
scarcity of air; in that case, lower the adjusting stem. From ^ree- 
quarters of. a turn to a turn and one-quarter is.the usual opening 
of the needle valve required. Screwed kll the way dovm it is 
closed. To open it. turn backwards. 'With the thraiUe and spark 
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siaiionary, tlie correct position for the needle valve in any case 
is that at which the engine runs fastest. 

If, at the highest speed, the motor picks up perceptibly when 
the auxiliary air valve is pushed further open, then more air is 
heeded. To adjust the auxiliary air valve, loosen the air valve 
adjusting wing nut, turn the stem to the left to stiffen the spring 
and decrease the air, to the right to weaken it and give more air. 
Bo careful, in weakening the spring aud giving more air, not to 
weaken it so much that the valve does not scat. Air m.us^ not get 
in on low speeds or starting will be almost impossible. Lock the 
adjustnieut’sccurely. 

With the carburetor of llie i>roper size for the motor, as indi¬ 
cated by the manifold pipe, if enough suction is not obtainable 
to open the auxiliary air valve, with the spi'ing at its lightest icn- 
.sjon, and the motor at the highest speed, then a smaller strangling 
tube should be used. With the conditions reversed from those just 
described, if the auxiliary air valv(! spring has to have too great a 
tension to produce the proper results on higher speeds, then a 
larger strangling tube is needed to decrease the suction at that 
point so that the spring can automatically regulate the proper 
amount of air coming through the valve as the throttle opens for 
high speeds. The spring in the auxiliary air valve should never 
be of so stiff a tension that with the throttle half way open the 
auxiliary air valve remains closed. The auxiliary air valve should 
commence to open uHth the throttle to produce the best results. 
After a change of strangling tubes to meet the above conditions, 
it will be necessary to readjust the gasoline needle valve for low 
speeds. 

To adjust ^for throttling down tlie engine to its slowest speed, 
set the throttle on the steering wheel at its low'est point, loosen the 
throttle lever lock screw, and with a screw driver turn the throttle 
stem carefully closed till the engine runs slowly enough to suit you- 
The ^ot cut in the stem shows the way the throttle is set. See that 
all Joints between the carburetor and motor are tight. Frequently 
where the motor picks up slowly with throttle open, a weaker 
spring will improve matters. Be sure the primer is on the same 
side of the carburetor as the gasoline inlet, so the primer plunger 
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pre&scs down the float lever instead of tlie float. The float feed 
mechaiiism is correctly adjusted before leaving the factory. Flood¬ 
ing is caused by dirt on the inlet valve seat, or a poorly seating 
inlet valve, resulting from improper handling after carburetor 
leaves factory. Therefore, look for dirt and do not try to change 
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Fig. 197.—Stromberg Two Nozzle Carburetor. 
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float level. Never giirtd inlet valve with emery; this ruins the 
seal and the valve. 

Stromberg.—The Stromberg carburetor shown at Fig. 197 is a 
form having two spray noxzles, and with a glass wall float chamber 
carried at one side of the mixing chamber. In this carburetor the 
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f^ieight of the fuel in tlie float ehamber inay be varied by a float 
level regulation member, and it is not difficult to determine the 
proper heiglit as a mark is etched on the glass v/alls with whicli 
tlie level of Ihiuid must coincide. The spray nozzle is provided 
with a needle valve to regulate the amount of gasoliue sprayed 
. into the mixture. The secondary nnzzh* is controlled hy a needle 
which is raised from its seat when the auxiliary air valve is sucked 
down due to greater suction ))rodneed by increased throttle open¬ 
ing. The valve controlling the auxiliary or seeoudary jet is lifted 
d)y a boll crank and the amount of uj)ening relative hi the travel 
of the auxiliary air valve is determined hy tlie position of the 
adjustment nut carried on the tlireaded eml of the air valve stem. 
The amoiiiit of air valve opening is regulate<l liy altering the spring 
tension which teuils to keep the valvi's elos(‘d. 

A Stromherg earlnire. )r of more recent development, which is 
kmn rtis th<‘ 11. A., is shown at Kig. 108. In the new Sti’ombergs 
tlie motor in feit flic proper mixture below 25 miles per hour from 
tlie bnv-spood jet with air from the primary inlako and above tliat 
speed the auxiliary aii‘ valves come into action, and with it the 
( secondary nozzle, which is interconnected with the air valve. When 
the car is running less than 25 miles per hour tlie low-speed nozzle 
onl)’ feeds the fuel and above that spi'ed the dashiiol comes into 
play. The piston shown is .01 inch siiiallcr than its chandler, and 
the fuel entering must work its way around th(‘ piston, integjal 
with the piston is a sleeve to whicii is attached the air valve. 
Within the sleeve is tlie secondary needle, which rests upon a seat 
shown and has at its upper end a hutloii. The spring within the 
sleeve holds the needle in position. Shoidd the air valve open, 
^ it carries with it the nei'dic; ami at tiuj same time forces the piston 
downward against gasoline jiressnre. However, the needle travels 
only through the distance AB. This is true heeause movement down¬ 
ward of the air valve carries the ncedJe, but as soon as the button 
strikes the nut B it will stop. While the needle is held stationary 
the valve may continue to move, and so move the .seat away from 
the valve. 

In action the piston compensates for lag iu the fuel. That is 
when the throttle is opened the air valve is not allowed to open 



itinwae itepMnng Made Easy 

quickly, and thus cause poor carburetor action, but instead acts y 
against the fuel in the chamber and opens slowly. 

When the fuel is in the chamber and the secondary air valve 
is opened by increased suction, fuel makes its way up through the 
holes at the top of the piston, and thence through the sleeve to the 
tube integral with the air valve. The fuel leaving this tube ia 



Fig. 198.>-LateBt Model of Btromberg Two Jet Carburetor with Dath 
Pot Controlling Air Valve Movements. 


carried away with inrushing auxiliary air and forms the high¬ 
speed mixture. One important feature of this carburetor is right 
in this construction which prevents the secondary fuel spray fKom 
touching any metal as it leaves the tube, and also getting better 
mixing by having the fuel meet the air which is at high velocity. 
The primary nozzle adjustment is in the form of the handle shown 
i Dial the secondary by means of the knurled nut at the top of the 
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air valve. The dash adjustnumt, a series of levers, not only lifts 
the secondary needle from its seat, but also locks the auxiliary 
air valve, so that on starting the engine gels a good mixture with 
Ihfi air supply shut ofT entirely, provided the primary air intake 
is closed by the butterfly valve. 

Holley.—A form of earbnretcir in which no auxiliary air supply 
i.s i>rovided i.s shown at Kig. If)!). This is a concentric float and 
mixing chamber form and tlie only adjustnu'nt possible is by the 
needle valve which regulates the amount of fuel i)4usRing 'through 
the standpipe or .spray nozzle. At low engine speeds or when the 
tlirotfle is closed enough gasoline i.s drawn from the well i to the 
strangling tube J to insure sufficiently rieb luixtiire to make for 
easy starting or to pr«»ido just cMuuigh gas for idling the motor. 
All tlie air must, ent r through the main air iidet, and before pass¬ 
ing out of the mixing e.hanibor it inn.st flow into the tube L by 
iru*ans of the annular pa.ssagc F, and must brush by the spray 
nozzle M with considerable velocity, insuring positive feeding of 
fuel due to the pronomieed suction effect of the rapidly moving 
column of air. fn this carburetor the needle valve is set to pro¬ 
vide the best mixture when the Tiirottle valve is fully opened. 
The mixture prnj)ortioiis at all other engine speeds are said to be 
regulated perfectly by the degree of engine suction due to the 
peculiar design of the mixing chamber. 

Krice.—The Krice carburetor, which is shown at Fig. 200, is 
very popular in marine work and operates to some extent on the 
same principle as the Holley carbundor, the. dilference being mainly 
in the metliod of spraying the fuel. Instead of a spray nozzle of 
the usual pattern, the gasoline is sjjread in a thin sheet in an 
^anmil.'ir opening between the bottom of the mixing chamber and 
the gasoline vaporizer, and as all air passing thro\jgh the air inlet 
nuist sw'Oc.f) across the face of this vaporizer, it is apparent thatT 
it will become im])regniited with gasoline vapor. The amount of 
fuel may be regulated by a gasoline adjustment needle, no source 
of auxiliary air being provid«‘d. 

Zenith.—The Zenith carburetor shown at Fig. 201 is a type 
utilizing a compound nozzle instead of the single spray nozzle in 
the forms nrcviouslv described. A sectional view through the mix- 
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Fig. 199.—Sectional View of Holley Carburetor. 


liDg chamber is shown at A, while the arrangement of the float 
mechanism and a sectional view of the compound noszle is clearly 
outlined at B. The principle of operation is os follows: The ordi¬ 
nary nozzle, or main jet, is 8ho\\'n nt O. and receives gasoline from 
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Fig. 200.—Showing Construction of Krice Carburetor. 


the float chamber llirou{?]i the channel hole K. It is surrounded 
by the cap jet H, which receives gasoline, through channel hole K, 
from a well Q, open lo the atmosphere. This well Q receives a 
measured flow of fuel through the ** compensator” I, which, as is 
easily seen, is not subjected to the suction of the motor, and has, 
therefore, a constant flow. Tliis compounding of two nozzles, hav¬ 
ing different and opposite qualities, is the mail, characteristic of 
the Zenith principle, and it gives in this new type the same com¬ 
pensation as in the vertical types. 

The slow-speed arrangement used in this type differs slightly 
from the one used previously. It might be termed a ** miniature 
carburetor,” and it is made up of the idling tube J, terminating 
in a cone, into which the idling jet P can be screwed up more 
or less by means of the knurled adjusting tube 0, the air entering^ 
through holes in this latter part. The mixture formed at this point 
follows a channel Z, drilled in the carburetor body, which opens 
near tlie throttle; it is there mixed with,.the air passing through 
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Fig. 301.-»Viev Showing Construction of New Zenit^ Carhutetor. 
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llu‘ ll]rottI(*. When the throttle is only slightly open tlio suction 
there is powerful and alomisses the gasoliac pcrXecU)’i With 0 
throttle a little more opened the eomponnd nozzle comes into play, 
and this miniature carburetor has no longer any effect. This slow- 
speed adjustment does not interfere witii the action of the car¬ 
buretor at medium or high speeds. This carburetor finds its appli¬ 
cation mostly in the Ciise of moaobloc engines where the intake 
passage is cored iu and passes in tlic center of the bloc,- from the 
valve side lo the oi>posite .side. This coustructiou brings the car¬ 
buretor at a point which is otherwise unoccupied j it removes one 
ol)stniction in front of the tappet covers, and, the carburetor being 
higher than usual, intcrfcri's less witli Ihc other motor accessories. 
Ill most cases at least one lieud in llio intake passagi's is eliminated, 
and it is well known that a bend cronies more rcsistanco than the 
same longtli ot straiglit path. It shows how hot air, taken also 
tJirougli a cored passage in the cylindor, is eoiiveycd to the car¬ 
buretor. A little tiap, actuated from the dash and shown in the 
piotui’e in a full ojicn iio.sition, may be partially closed, when all 
tlie air entering the carburetor will be reheated air; by pulling the 
control rod completely the flap goes farther aud chokes tlie car¬ 
buretor, thus causing the formation of an excessively rich mixture^ 
which is useful for starling a cold motor in severe weather. 

Bayfield.—The views at Fig. 202 show the Rayfield carburetor, 
that at A being an exterior view allowing all parts to be consid¬ 
ered in making an adjustment while the interior construction is 
clearly outlined at B. To make adjustments on this carburetor 
the following mode of procedure is observed: First close the needle 
valve. This is done by turning the fuel adjustment to the left until 
the screw leaves contact with the regulating cam, which indicates 
that the needle valve is seated. Then turn the fuel adjustment 
screw to the right for about one and one-quarter turns. The motor 
may now be started. For more fuel turn the fuel adjustment 
screw to the right and to decrease the supply turn it to the left. 
This adjustment can only be made at retard or low throttle. Hav¬ 
ing found the right fuel supply for running slowly, open the throt¬ 
tle. If backfiring occurs, turn the high speed adjusting screw to 
the right, which increases the supply of fuel at open throttle. To 



a96 


Automobile Repairing Made Easp 


nmiKG 

LtVEK 


rKTAKB 

CONMfiCmSI 


THSOinS 
LEVER. 

HIGH SPEED AOJUiTHEKT 

UmtUTlHG CAPT 

iTTCAlK 



GASOLIHE 

COVKECTl 




HUDIE VALVE 
PLUG 


AUTonAncAiiumxE 

CAM AND TfOOTTLE SHAH 

FUELADJtf^Vt 

HECBANICAL 

AIRINIAKE- 



NEEDLE VALVE 


^^VAtVE 


FRIMARYAIR 

5 


Tig. 202.—DeteUs of the Bayflold Carburotor. 
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decrease the fuel supply at High speeds turn the high sp^ed ad- 
: just^g screw to the left, f'or adjusting the throttle ot>emhjg use 
'..a screwdriver to turn the screw in the stop atm. 
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After th^ right fuel supply has been found for both low and 
high speeds, the throttle should be opened slowly. If backfiring 
should occur between low and high speed turn the automatic wr 
adjustment to the left. This increases the tension on the 
which control the automatic air valve. The automatic air valve 
adjustment disk is generally set so that the large spring on the 
automatic valve has about ’/iy-inch play between the adjusting disk 
and the cap. After the above adjustments are made, in order to 
prove that you have proper fuel supply, press with the finger oa 
the automatic air valve, allowing the motor to draw in surplus 
air. If motor speeds up this indicates that you sliould use a leaner 
mixture or that you are not getting enough air. The automatic 
air valve adjustment disk should be turned to the right until the 
motor begins to reduce speed or backfires. Then turn the disk 
back again to the right until the motor runs smoothly. This should 
be done with throttle about one-eighth open. 

Automatic Speed Regulators.—On some forms of automobiles, 
especially those adapted for commercial work, such as taxicabs and 
motor trucks, it is desirable to provide means for keeping the motor 
from exceeding a certain predetermined speed. This is usually 
accomplished by some form of governor acting on the thtotUo 
which regulates the amount of gas supplied to tlie engine. Some 
of the governors are driven directly by the motor, otliers are in 
mechanical connection with some moving ports of the vehicle. 
There are very few pleasure cars at the present time that have 
an automatic speed governing means ns the imj»rovement in car-^ 
buretors has been such that it is possible to secure close regulation 
of the engine by the usual accelerator pedal or hand throttle lever. 
A hydraulic governor is used in some models of the Packard truck, 
this consisting of a chamber carrying a diaphragm against which 
the stream of cooling water from the circulating pump imping^ 
'When the speed of the engine becomes too great, it is apparent 
that the flow of cooling water will be more rapid, in which case 
the pressure against the diaphragm may be sufficiently great to 
close the carburetor throttle and thus reduce the engine speed. 

A form of automatic speed governor which may be mechanioaUj 
actuated by a flexible shaft connection from the vehicle road wheels 
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or from some rotatiug part o£ the trauaiuisalou mecliunism or power 
plant is shown at Pig. 203. This is intendod to be carried at one 
side of the intake manifold and regulates the throttle shutter by 
centnfugal force. The drive shaft mounted on ball bearings car¬ 
ries a govei'nor of such form that as the weights spread apart, duo 
to augmented motor speed, they will lift a plunger which raises 
a bell crank that triinslVrs tlu*. vertical movcinent of the governor 
push rod to a liorizonlal inoviMuoiit of the tlirottlc actuating rod. 
The tlirottle shutter st(*ui is in the form of a ])inion w’hicli meshes 
with a rack carrie<l by the throttle actuator. The function of the 
coil s])riiig at tlic end of the actuator is to keep that member drawui 
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^back and the throttlo open, Wlipn the vfiliielc apefid becomes 
liiglier than that for which the device is set, the hell crank will 
be raised by the weight actuated plunger and the throttle valve 
closed until the engine speed, whicli is reduced as llu‘ gas supply 
is diminished, slows down the fast running vehicle. If desired, 
it is possible to drive the governor Ironi the engine stiaf't, in which 
ease it will regulate oiigim; si»eed ratiu'r tlmn be actuated by 
llic vehicle speed. An adjustment is provided at tlie top of the 
device by which it may he set f»>r various speeds as desired. 

^ Systematic Location of Carburetion Faults.—Having once 
learnetl how to adjust a car)>urelor to supply the propei’ly propor¬ 
tioned mixture for different operating eoiulitioiis, the repairman 
will realize that he has found a remedy for many juolor ills, be- 
eause a largo projmrtion of motor troubles, sueli as misfiring, back¬ 
firing in the carburetor, h>ss of iiower, are gonei‘ally due to 
some faully adjustment. There are, to be sure, a number of other 
troubles likely to oecur, and while tlie symptoms arc similar to 
those caused by ignition sy.steni faults, the operator who is familiar 
witli carburetor action .shouhl liave no tronbh' in locating them' 
► ipucUly and ascertaining positively if they arc the result of faulty^ 
carburetor oetion or due to the ignition system. Taking up the' 
various canse.s which contribute to loss of power, misfiring and 
trouble in stmling the motor, Ave have: ilirt or Avater in the car-^ 
hurctor, ehigged fuel pipe, ob.struefod .spraying nozzle, clogged gaso-^ 
line filter, h'aky nielal float or fuel logged oorlc float, poor or stale' 
gasoline, a loose throlllc valve* or connection and air leaks in the' 
inlet manifold. If the motor I’efuses to start ai d the ignition 
system is knoAvn to be iu good condition, tlie fuel tank may be 
pmptied, the gasoline line shiit-tdT valve closed (it may jar partly 
A)r wholly in the position), lliero may be dirt or Av'ater in 

tbe carburetor or a choked fuel pipe, o)’ pcrliaps the fuel level is 
too low in the tioat chamber. As a cold motor ami stale fuel are 
the most common hindrances to prompt starting, the first step is 
to priine the carburetor and fill tlie float chamber Avith fresh gaso¬ 
line. Almost every carburetor is proAuded with a ‘Hieklcr,” and 
in most cases priming is all that is needed to supply gasoline 
enough to insure prompt starting of tbe motor. 

'll. 





However, if the motor still refuses to operate the trouble is... 
deeper seated and should be found by a systematic search. To'^ 
locate the trouble without undue delay the various parts of the 
fuel system should be examined in turn. First, the tank should 
be looked into to see if it contains sufficient fuel. The filter screen 
of the carburetor should be removed and cleaned, since the fine 
mesh is very likely to become clogged with dirt or lint filtered out 
of the fuel. If the wire gauze is in good condition, examine the 
pipe line for obstruction. Test the supply pipe by opening the 
drain cock under the float bowl of the carburetor; if the pipe is 
constricted, but little or no fuel will be forthcoming. If no gasoline 
^ues and there is plenty of fuel in the tank and one is sure the 
drain cock is not stopped up, it is reasonable to assume that the 
supply pipe is choked and it should be removed and cleared out as 
previously described. If the obstruction is not in the pipe it may 
be located in the shut-off valve, or perhaps in the fuel line filler. 

An obstructed spraying nozzle or jet wnll sometimes be found 
the cause of trouble, as the opening in this standpipe is very somll, 
even a tiny particle of forc'igu matter will he enough to constrict 
the orifice and so deprive the motor of the pro|>or amount of fuel.'^ 
Flooding the carburetor w'ill sometimes dislodge the obstruction, 
but if it does not the spray nozzle siiould be removed and a fine 
wire poked through from one end to tlie other. Compressed air 
may be used as previously outlined. Fine particles of lint, some¬ 
times work through the strainer and collect into a ball, which floats 
about and is drawn into the nozzle by the suction of the engine. 
In cases of this sort tlie motor will start easily, but invariably 
commences to misfire, slow down, and finally come to a stop. This 
peculiar behavior is caused by the greater suction at high speeds 
which draw's the foreign matter in. the jet and so chokes the bore>^; 
but as the motor slows down and the suction decreases the ob- 
s^ction will fall away from tlic jet opening. It is sometimes 
possible to remedy this trouble by racing the motor and opening 
the throttle valve suddenly, which will give momentary increased 
suction, often sufficient to suck the particles of Unt through the 
npaele opening. 

It may be observed that in those carburetors where no fpel jr^u* 
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ilating means is provided, that the height of liquid in the spraying . 
jet is an important adjustment. The repairman should not be too 
hasty about altering the position of the spray nozzle in the mixing 
ehamber. If the jet is placed too high the fuel level will be con¬ 
siderably lower than it should be, and while the nozzle will then 
feed enough gasoline for high speeds, owing to the increased auc¬ 
tion, the vacuum created at low velocity will not bo sufficient to 
draw up the required quantity of fuel. On the other hand, if the 
nozzle is placed too low, the fuel level will be raised unduly and 
the carburetor will sliow a tendency to tfood. As the proper ad¬ 
justment can be deterniiued only by experimenting, when the nozzle 
is so adjusted that the motor will get the proper amount of fuel 
at both high and low piston speeds the spray jet should not be 
disturbed again. The only way it is possible to raise the nozzle 
is by inserting thin wasliers made of brass or copper shim stock 
between the si>ray nozzle and its seat. The only way the nozzle 
can be lowered is by removing tlio packing washers, sometimeR 
placed between the nozzle and its seat in the mixing chamber. 
Alteration of nozzle position is work for the carburetor expert only. 

If the repairman notice’s continuous flooding or dripping of 
the carburetor, this indicates either a badly sealed needle valve, a 
leaking metal float, or a fuel-.soakod cork float. If the float control 
valve itself is at fault, this is probably due to poor seating. The 
valve should he carefully ground in by using a small amount of 
powdered grindstone dust and oil. When doing this M'ork, care- 
should be taken to keej) the valve stem in a vertical position, and 
whon finished both the valve and its seat shoul i be smooth and 
bright. If the valve spindle is bent, remove the float, place the 
bent ^indle on a block of wood, carefully straighten it with a few 
taps from a liglit liammer. This applies more to the form of 
valve passing through the center of the float as indicated at Fig. 
201, B, than to the type shown at Figs. 199 or 200. In cases of 
continual flooding examine a metal float for minute holes or leaky 
seams, which must be soldered up. Owing to the extreme thinness 
of a hollow metal float, care must be taken to heat the metal as- 
little as pc^ible. As instructions will shortly be given for repair¬ 
ing metal' floats and finding the leak, no trouble should be expert- 
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enced in making repairs to this member. Tlie iiso of hard or silver 
solder, which requires n blow pipe or torch, should be left to those 
snfGcieuLly skilled to luanipiilnte the licating member properly. 
In order not to disturb tlu' baUincc of the float, only a little solder 
should be used, and care slioidd bo taken tha1 none drops inside 
the float sliell. 

Meiilioii has been pj'cviously made of the way a cork float will 
gradually absorb the liquid owing to its poj’ous nature and how it 
will lose its l)uoyaiic.v when it is fuel soaked. The remedy is a 
simjile one, the cork laang placed in a moderate oven so it will be 
thoroughly dried out and al'terward it is given a couple of coats of 
shellac to mak(* it liijuid proof. It will be (‘ojiiid tliat shellac dis¬ 
solved in grain alcohol will resist the action of gasoline bettor 
than that <lissolvod in wood alcohol. In some carburetors, tlie 
float is carri(*d directly by the needle valve s[)indle. wliicb has 
the Amlvc at the top .so that it may close the fuel opening w’hcn 
the gasoline rcache.s the proper level If the level is too low the 
float may be shifted on Ibis spindle to ride at a slightly iiigher 
level which permits the float chamber to fill up more. If the float 
level is too high the float may be hnvered on its spindle in order 
to close the valve sooner or when the float eiiamber has less gaso¬ 
line in it. 

A cause of trouble in which no control of the motor may Im 
had by moving the throttle lever is due to loose throttle connec¬ 
tion. It sometimes haj>j)eijs that the set scrcAV used to fasten the 
butterfly or disk valve to ils spindle becomes loose and allow’s the 
shutter to shift about and tJius ])artially or wholly close the open¬ 
ing. In this case the motor cannot be speeded iij). If the valve 
drops into the pipe in such n w'ay that it docs not obstruct it to 
any extent it will be found impossible to slow dowm the motor as 
there is no means of cutting off tlie supply of gas to the cylinder. 
If the mixture volume is controlled by a sliding shutter as in the 
Schebler model E carburetor, shown at Fig. 194, B, this may 
stick in either the open or closed positions, in one case permitting 
the motor to speed up to its limit, in the other extreme it •will pre¬ 
vent speeding up. Troubles ■with the throttle valve or comiectiona 
^ire easily recognized because the motor will refuse to respond to 
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the movement of the hand lever. An uncommon source of trouble 
irmy be ta bit of stray ^va8t^‘ l(*ft near the intake opening or the 
primary air supply when cleaning Hio motor. This waste may be 
sucked into the air opening and will cause trouble by reducing 
the amount of air supplied the mixture. Air screens also clog 
with dirt at times. 

It is a fact well known to cxj)eriencod repairmen and motorists 
that atmosphorie coiiditioris have much to do with carburetor ac¬ 
tion. It is often ol)sei*ved that a motor seems to develop inoro 
jmw’cr at night than during the day, a circumstance which is at¬ 
tributed to the ])resonce of more moisture iu the cooler night air. 
Likewise, taking a juotor from sea level to an altitudci of 10,000 
feet involve.s using raro/ied air in the engine cylinders and at* 
niosphcric pressures, ranging from 1*1.7 pouials at sea level to 10.1 
pounds per stpiare inch at the higli altitude. All carburetors will 
require some adjustment in the course of any material change 
from one level to another. Groat changes of altitude also have a 
marked ell’ect on the cooling system of a car. Water boils at 212 
degrees F. only at wm lcv<d. At an altitude of 10,(HM) feet it will 
boil at a tcni])erature nineloen ck‘grec.s lower, or 193 degrees P. 

In high altitudes the. reduced almosphcric pressure, for 5,000 
feet or higher than s<‘a lev»»l, rc.sulls in not enough air reaching 
the mixture, so tliat cillier the auxiliary air opening has to be 
inci'eased, or the gasoline in Iho Diixlure cut down. If the user 
is to be continually at higli altitudes he should immediately pur¬ 
chase either a larger dome or a smaller strangling tube, mention¬ 
ing the size carburetor that is at pre.sent in n<c and the type of 
motor that it is on, including details as to the bore and stroke. 
The smaller strangling tube makes an increased suction at the spray 
nozzle; the air will have to be I'cadjusicd to meet it and you can 
use more auxiliary air, which is necessary. The effect on the 
motor without a smaller strangling tube is a perceptible sluggish¬ 
ness and failure to speed up to its normal crankshaft I’cvolutions, 
as well as failure to give pow'cr. It means that about one-third 
of the regular speed is cut out. The reduced atmospheric pressure 
reduces the power of the explosion, in that there is not the same 
quantity' of oxygen in the combustion chamber as at sea level; to 



404 


Automobile Repairing Made Easy 

increase the amount taken in, you must also increase the gasoline 
«peed, which is done by an increased suction through the smaller 
strangling aperture. 

Frost on Intake Manifold and Carburetor.—This phenomenon 
occurs when the carburetor is delivering a good mixture and tlicre 
is moisture in the atniosphere. The cold of Uie vacuum in the 
manifold and carburetor, <ireated by llie suction stroke ,of the 
motor, absorbs whatever warmth may exist in the air coming in 
so rapidly that the suspended moisture in the air outside is con¬ 
densed and deposited on the outside of the manifold in the same 
way as a pitcher of ice water “sweats’^ in summer. The carbure- 
tion must be good if this i^oudition lakes i)laee. tf there is no 
frost on the manifold, the carburetiou may still be good and low 
grade gasoline be the reason lor tJie non-exisfeiiee of the frost, as 
the poor gasoline will not evajmrale until it eonies in contact with 
the hot cylinder walls. While frost is indicative of a good mix¬ 
ture, still it shows the prestmee of almospheric moisture and in 
this way is a warning that tlie air should be dried out before reach¬ 
ing the carburetor to obtain tite best r<*siilts from this good mix¬ 
ture. The easiest and most effective method of drying the air is 
the COLMAC systimi of a clamj) on the exhaust pipe and the air 
conveyed from it to the carburetor through a flexible tube, as 
shown at Kig. 208, A. ♦ 

Soldering a Metal Float.—In repairing or making sheet metal 
floats, such as are iised in the gasoline chamber of the float feed 
carburetor, one often experiencos some difficulty in sealing up the 
;«mall vent which makes the float air and iitpiid tight. When a 
metal float Alls with gasoline, it becomes heavier and the float level 
is altered so it is imp(*rativc that the fuel be expelled from the 
interior and the hole sealed. The usual way to do this is to first 
[iocate and enlarge the hole through which the fiuid reached the 
j'float interior. To locate a leak, the float is held under the surface 
'bf boiling water, which evaporates some of the gasoline inside the 
Afloat and (wolves a gas which indicates the hole by escaping through 
Ut, because of the pressure inside the float. The hole is then 
marked, and made larger with a needle drill. Another small hole 
|}s made in the float so the interior Can be thoroughly cleared out 
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by air pressure or by placing the float in an oven where the heat 
will evaporate the gasoline. After the float is emptied, it is necea* 
sary to close up the openings. This may be done with an ordinary 
soldering iron, though most meclianica having the facilities prefer 
to braze the opening- because by this means one can seal it and 
use a minimum of metal, whicli is not liable to upset the balance 
of the float and interfere with the level in the spraying tube. In 
brazing a joint or vent in a perfectly tight receptacle, the job is 
often a failure because the air contained in the float becomes heated 
and produces a pressure that may result in Imving bubbles in the 



brazed seal. To make it possible to close tlic opening in a positive 
manner, the copper or brass float may be placed in a box of ice, 
as shown at Fig. 204, this tending to keep tlie air contained in the 
float cool despite the heat imparted to the float by the brazing 
flame. 

Emergency Manifold Repair.—It is not difficult to repair a 
leak in a built-up manifold of brass or copper tubing owing to the 
case with which these materials may be soldered or brazed. When 
the manifold is a easting, as on the engine shown at Fig, 205, it ‘ 
is not easy to repaii'^ a break if the member is of aluminum which 
is- the material commonly used for this purpose. While it is not 
impossible to solder aluminum, the necessary solder and flux 
are not apt to be at haild and in addition, the operator must be 
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skilled in order to niajiipulate the special solder successfully. The 
autogenous i)rocess, t)r oxy-aoctylene voiding may bo employed to 
run new metal in the break aiid form a pennauciit repair. All 
shops are not pro\idcd whh this rMinipineiit, even though they 
may recognize its value. Tn fact, in many small shops tJicre would 
not be ouougli w<‘ldiug work to make it a profitable investment as 

llift value of the oxy- 
gc*ii flame method of 
burning out carbon is 
not generally recog¬ 
nized. At Fig. 205, 
an emergency repair of 
aji inlet manifoid tbat 
had eracked 7i(*ar tin* 
point of .iuiicture be¬ 
tween the brnnclics 
and the stem is out- 
linetl. This W'as ae- 
complished by build- 
iug a mold of fire clay 
around the break, leaving a vtuit at the top through which melted 
babbitt metal waa poured to fornt a ring around the fracture. This 
Was made wide enough to act as a reenforceiuent. After it was 
filed off sm<x>th it was not xiusighlly, and served to*effeclively repair 
the rupture. Tlie same system of repairing might he followed with 
a cast manifold hy soldoring a band of metal of sufficient width 
around the fracture. If the manifold is of cast iron it may be 
brazed, though if of aliimiiium it cannot be repaired by a brazing 
process on account of the heat being high enough to melt the mate¬ 
rial of which the casting is coiriposed. 

Carburetor Installation.—Automohilc ropairmon arc often 
..called upon to install carburetors of different makes from those 
furnished by automobile manufaetnrei’s in order to remedy some 
* real or fancied fault iu the original carbureting device. There are 
many old stylo cars that have sound engines of good design, but 
which do not work efficiently on account of using some obsolete 
form of vaporizing device. The use of a carburetor of modem 



Fig. 205.—Method of Repairing Broken Cast 
Aluminum Manifold. 
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(tivelopmejit nud an Ujt-td-tlale i^'niliou s^'stem oftuii tJ'ausfonus 
an olJ engine t<» one fltut uill give very satisfaeiory resuItJi. While 
1lio x>ojnjlar inalces of eai’liiiretors may be seeured in sizes tliat will 
fit the widely sold ears, it is someliinos necessary lo adapt a ,s])ceial 
carburetor to an engine, for wliieh it was not intended. JVrliaps 
the new' vai>oriziijg device is larger than the one it is to replace 



rig. 206.*—Showing Conventional Method of Installing Top Outlet 
Schehler Carburetor on Short Cast Aluminum Manifold. 


or the arrangeinout of llio air valve or float chamber may be 
such that it caijiiot be installed in the same way as the one orig¬ 
inally supplied with the pow\T pbiut. A typieal carburetor iii- 
stallalion is clearly shown at Fig. 20fi. It Avill be observed in this 
ease that the east manifold is of T form, having n very slntrt stem, 
and that the carburetor is placed close to the cylinders. If it were 
^ desired to replace this member witli one of different make it might 
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be difficult to have thUbiew carburetor fill exactly the same space 
and bolt to the manifold in the same way as the old one. 

In cases of this kind some rearrangement of parts would be 
necessary and special adapter fittings might be needed. A num¬ 
ber of these is shown at Fig. 207. Some carburetors have a thread 
cut on the outlet pipe instead of a flajige, and if the old device 
were of the flange type an adapter fitting would be necessary to 
enable one to install the new mixer. For instance, if the outlet 
pipe had a male thread, the female horizontal fitting shown would 
be necessary. If the outlet pipe M'crc jirovided with an internal 
thread, it would be necessary to use the male horizontal fitting. 
"WTiile these are devised for side outlet carburetors, they may be 
used equally well witli top outlet carburetors having a threaded 
outlet pipe. It is sdmeiimos necessary to couple a toj) outlet car¬ 
buretor wliere a side outlet was forjiierly used. In this case the 
female vorUcal fitting would be Jieeossary witli a male threaded 
outlet pipe, while the male vertical fitting would be nee(tf‘d with 
a carburetor having an internally threaded top outlet. Fittings 
of this nature arc also made with a flange at eaeh end instead of 
with a flange at one end and a thread at the oilier. It is often 
necessary to use a carburetor slightly larger than that supplied 
with tire engine, or vice versa. In this case fittings having a dif¬ 
ferent size hole at each end are needed. The one illustrated has 
a lj4-ineh standard pipe connection at one end to receive an exter¬ 
nally threaded outlet pipe while the flange is the standard size 
for a one-inch carburetor. Suppose it is necessary to couple a 
carburetor having a flange pointing in one direction to a manifold 
in which the flange was at right angles to that on the carburetor. 
In casiis of this kind the double flauge fitting shown w'ould permit 
qf attaching the carburetor to the manifold. While a number 
of standard dimensions have been projiosed for carburetor flanges 
and corresponding members on manifolds, tliere is still consider¬ 
able variance in flangn sizes for the same size carburetors. In the 
lower part of Fig. 207 a typical flange is outlined with the di¬ 
mensions indicated by letters, Tlie dimensions for different sizes 
of Breeze carburetors that correspond to the letters ipay be clearly 
a^rtained from the tabulation beneath the cut. 
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Details of Sizes. 


Sisa 

H 

C 

L 

0 


IX in- 

2 in. 




IX 

2i4“ 

3X ;; 

1X“ 

IX “ 

2 “ 

2U“ 

3X “ 

1X“ 

IX “ 

2 % “ 

3 “ 

3X “ 

1X“ 

2 

2X“ 

3X “ 

4X “ 

2^4“ 


207.-^owliis Adapter Fittings for TTse in Fitting Carburetors, 
Also Dimensions of Typical Carburetor Flange 
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It is very iinport|pt when the low grade fuels that are being 
supplied at the present time are used to supply some form of 
preheating arrangement for the primary air in order to insure 
prompt vaporization. "While all of the new engines aj*o being fitted 
up in this mannei', a large number of eai’s an* In daily use that do 
not have this desirable rcfineinont of detail. When trouble is 
experienced due to tlie use of c*old air, espt'cially in cold weather, 
the repairman may often suggest the use of the warm air attach¬ 
ment as a practical rt‘medy for the trouble. A typical attach¬ 
ment of this nature is shown at Fig. 208, A. This consists of a 
clamp memhei* adapted to bolt ai*ouud the exhaust pipe and supply 
the warm air to the primary air intsike of the carburetor through 
a length of flexible metallic pipe. These fittings may be obtained 
to fit various sizes of exhaust pipe, and for different carburetors. 
The one shown at A is suitable for the Breeze carburetor, and is 
installed as indicated at £. 

"When piping fronj the fuel tank to the carburetor it is often 
desirable to include a filter or strainer in the pipe line in order 
to prevent dirt from i)assing into the carburetor. This is another 
refinement that is found on practically all cat’s of recent manu¬ 
facture, but M'hich was often omitted on earlier models. Two forms 
of these filtering devices are sliown at Fig. 208. That at C is a 
form that insures the most positive separation on account of using 
three filtering screens. The gasoline from the tank enters the 
intake pipe and follows the course indicated by the arrows through 
the filter screens and back into the pipe lino through the outlet 
opening. Any sediment or dirt will collect in the lower portion 
of the device and may be drained off by opening the drain cock. 
A simpler device operating on the same principle is shown at 
lu this.case the gasoline enters the lower portion or settling cham- 
^ber, where dirt and water will fall to the bottom on account of 
their weight, and only clean fuel that con pass through the wire 
gauze used as a strainer can flow out of the outlet opening to the 
carburetor. Care should be taken in installing carburetors to avoid 
using pipe fittings having sharp bends unless absolutely necessary. 


"Very often all the added efficiency that can be obtained by chang¬ 
ing carburetors will be lost when installing a new one due to the^ 
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Fig. 208.—Illustrating tbe Use of Hot Air Connection for Carburetor 
and Breeze Strainers for Use in Pipe Lines. 

iise of elbows or other fittings of this nature, which impede the 
flow of gas. Wliile it is unavoidable in some cases, such as when 
a side outlet carburetor is to be adapted to a manifold intended 
only for a top outlet form, endeavor should always be made to 
secure a carburetor of the same general pattern as that removed. 
A mistake made by many repairmen when changing over fuel lines 
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is to use tubing having too small bore or to use material that has 
a seam running Us entire hngth. Only the best annealed soft 
copper tubing should be used for fuel lines, and this must be of 
the scamlebs form. Hard brass tubing or standard brass pipe is 
apt to crystallize and break, due to vibration, whereas the soft 
copper tubing can be bent more easily to clear parts of the mechan¬ 
ism or cross members of thp frame, and is not liable to kink up 
when bending as the hard tube is. Tubing having ^4nch (.125- 
inch) bore will be satisfactory for small engines such as used on 
motorcycles, but for the range between ten and twenty-five horse¬ 
power the tubing should have at least (.250-ineh) bore. 

For larger engines tubing ■vvith a bore of inch or iuoli will 
be sufficient. The piping eouveying compressed air or exhaust gas 
to produce pressure in the fuel tank should he larger than that 
employed to con^ey the fuel, the larger sires being needed with 
the exhaust gas system on account of its pressure being lower than 
the air stream from a pump. All fittings should not only be 
threaded on, but should be «solder(*d as well to insure tight joints. 
Care sliould he taken to fasldi the fuel pipe to tlie frame by 
substantial metal clips, so tb.it it cannot vibrate, wliich may cause 
the joints to open up and leak. 

Simple Oiling Systems.— Insnfiicicnt lubrication or the use of 
poor lubricating oil ^ill produce the same overheating symptoms 
that defects in the cooling system do. There is this advantage: 
when the troubles are caused by poor lubrication, it is very eac^ 
to trace the trouble owing to the simplicity of practically all 
of the modem methods of engine lubrication. A prominent oil 
manufacturer claims that all of the lubricating systems in use 
may be divided into ton classes, as follows: No, 1, simple splash $ 
No. 2, constant level splash; No. 3, pump over and splash; No. 4, 
force feed and splash; No. 5, pump over: No. 6, separate force 
feed; No. 7, force feed: No. 8, full force feed; No. 9, slide valve 
motor; No. 10, oil fed with fuel. It is contended that the char¬ 
acter of the lubricating system employed is an important point 
to be considered in selecting suitable grades of oil, but while this 
is true to a certain extent, it is not necessary to differentiate as 
closely as most oil manufacturers advise between the various sya- 
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Fig. 209.r»8impl» Oiling Systems Tbat Have Beceived Wide Use. A—Metbod of Suj^lying Ln1>ricaat on 
Early Bapm<AUe Models. B—Sight Feed Oiling Systems. C—^^le Oonstant X<e^d System 
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terns, as careful analysis of their publisbecl reeommendnlion sheets 
shows the same oil to he rceoinniended for enjTHios liaving totally 
(lifl'ereiit hibrieatiii^r sysk'ms in some eases. TIjo writer believes 
lliat it is not lieeessary to divide the lubrieutin;; aystonis iiih> more 
than two general gi’oups. these being the “cireulaliiig'’ system and 
the “all loss'’ system. In the former the oil originally supplied the 
container or sump of (he motor is used over and over again, being 
<?ironlatc*d to tJie ht*ariiig snrfaees in contact by the movijig parts 
tlioniselves, or by some positive form of cireiilating pump. In the 
other group the. cninkea.se of the motor is filled to a fixed level. 
The luhrieatioii of all parts lakes plaee by splash, and the loss 
is made good by feeding oil inlo the erankease from some auxiliary 
sonree. In the “all l(»ss" systems the ohjeet is to feed the liiln’ieai't 
inlo llie crankcase at about the saim* rate as it is cojisiimed. After 
oil has been used for a tinu' in a eir(‘nla1ing system it is ueeessavy 
to drain off the e.iaiikca.se and tijoronghly ch^an out that member 
after four or five hundred miles running, as the oil depreciates 
in value as it is used. Fn tin; “all Io.ss’' systems it is not necessary 
to drain out the erankease as often as in the eirciilating system, 
heeuusc of the constant addition of fresh oil. The principal group 
classification may he undi-Tstood by relerring to the simple oiling 
syKt(‘ms outlined at Fig, 200. 1’hat at A may ho considen'd a 
good example of an “all loss” system in whicli the oil is allowed 
to drip into the crankcase from a r<‘a<*rvoir to replenisli that used 
in lubrication. It. will he observed that the erankestse is filled to 
a certain height and that the connecting rod will dip into the 
oil at tlie end of every down-stroke of the jiiston. As it sxvecps 
through the oil it throws it about in the engine interior, anvl thereby 
lubricates all moving parts. In ordiT to supply more oil wdicn the 
engine speeds up, the oil feed regulating valve is adapted to be 
raised by an inclined jilane coniieeted with the throttle as it is 
opened to accelerate the engine speed. This method wa.s used on 
some of the early Iliipmobiles. 

Anotlier example of an “all loss” .system with individual leads 
to some of the hearing points from a sight feed lubricator is shown 
at B. In this ease the lubriea,nt is carried in a tank from wdiich 
it is sui'plied to the sight feed manifold fitting by displacement 
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due to exhaust gas or air pressure directed against the oil in the 
tank. The pipes lead to boariiig points in some cases, to the 
aigine cylinders or C‘ra!ikca.se in others. The amount passing 
tiiroiigli may be regiilalcd by adjusting needles ul the top of the 
ijumifold fitting. 

An cxampJf of a simph* circulating systcjii is shown at Fig. 
209, In this the 
bottom of the craiik- 
casc acts as a sump or 
oil conlainor. AVhen 
t!ie engine is started, 
a geai* pump, which 
is positiv<dy tlriveii 
hy tile »*ngiue, di'aws 
oil from the sum[> 
tlirough H pipe eon- 
iieeted to ;\ filterijjg 
screen. J1 is dis- 
eliai’ged fro m 1 li e 
jmmp through a tula* 
leading to a sight feed 
fitting or cireulatiou 
indicator on the dash. 

From this it goes to 
the troughs under tlic 
connecting rods, keep¬ 
ing these filled to a 
constant level, the sur¬ 
plus oil overflowing 
back into the sump. 

A representative flywheel s))la8h system is shown at Fig. 211, 
A. In this the bottom of the engine is inclined to form a well 
in which the flywheel runs. In turning, the flywheel projects the 
oil which it lifts by adhesion from its periphery tangentially, due 
to centrifugal force. Part of the oil thrown off is caught by a tube 
opening into the path of the oil, and is led forward to a main oil 
duct passing first through an oil feed regulator controlled by the 



rig. 210.—Saxon Vacuum Feed Oiling System. 
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accelerator. A portion of the oil from the main duct is conveyed 
to the cylinders, the remainder is directed to the three main 
bearings. Passages drilled into the crankshaft distribute the oil 
from the main bearings to the connecting rod big ends. Part of tho 
oil thrown off by the flywheel is deflected against the transmission 
gears by the gear case cover and part flows to a ])ockct which 
lubricates the universal joint. A pipe leading from the universal 
joint to the bottom of the crankcase insures the return of the 
lubricant to the bottom of the crankcase. 

An “all loss” system in whicli the feed to replenish the loss 
is by individual loads from a mechanical oiler is outlined at Pig. 

211, B, While this system was formerly very popular, it has been 
practically done away with at tlie present time, owing to mechanical 
complication and liability of trouble. In tliis system a main oil 
pump is carried by the oih‘r casing which serves to house the 
mechanism, and also acts as a container for lubricant. The pump 
supplies the top of the manifold fitting tlirongh a main feed tube. 
The various feeds are regulated by noodle valves, and after the 
supply has been set to suit the oil is puinpcd out of the sight feed 
glasses by individual pumps tiirougi’ leads w’hieh go to the cylin¬ 
ders and to tlie front and rear crankcase compartment. The idea 
is to set the feed so that oil will be supplied only in such quantities 
as are necessary to make up the loss. 

At Pig. 211, C, a lubricating system is shown in which oil is 
pumped from a .snnii> to an oxlernul distributing oil tube which 
leads to the main bearings, and which also supplies a lubricant to 
the crankcase interior. An internal oil feed pipe is also con¬ 
nected to the pump and is used to fill the troughs into which the 
connecting rods dip. 

The Constant Level Splash System.—The illustration at Fig. 

212, A, shows very clearly the interior of an engine in which the 
constant level splash system of lubrication is used. The supply is 
carried in the sump integral with the bottom of the crankcase 
and the height of oil is clearly indicated by an oil level indicator 
which is actuated by a small float submerged into the oil. As long 
as there is Efficient oil in the sump the oil level indicator will ^ 
at the top of the gauge. As soon as the supply diminishes, the 
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oil level indicator will follow the movement of the float and will 
show tlie deficiency in a positive manner. It will bo observed that 
the oil level in the crankcase is determined by the position of the 
overflow pipe. This can be moved in such a way as to alter the 
level. The oil is drawn out of the sump by a gear oil pump and 
directed by means of an integral oil duct to the main bearings 
of the engine. 

Distributing Pump Systems.—Tlie inelliod outlined at Fig. 

212. H, is a circulating system in wltieii tlie various hearing points^ 
are kept lubricated by oil drawn from a sump by a geared oil 
pump, wbici) also combines a distributing meciianism so the oil 
Mill he .supidied to the various bearing points by feeding each 
of the oil leads in turn. Some of Ilu; leads go to main hearings, 
otliers supjily tlie cam.sltal‘i. The interior ot* the engine is liil)ri- 
cated by splash as (he coiineeting rods are provided with splashers 
at the lo^Ycr end to distribute the lubricant ai(uiiid the engine 
interior. 

Forms of Oil Pumps.- Tac important oleimuit of all the cir¬ 
culating systems is the ])uni)> which keci>s the oil in circulation.<1 
Pum])s }mv<‘ been made in various forms, the two main types 
used at the prestait time ln'ing l!ie plunger and the gear x>unip. 
Various uxtpliealioiis and designs of pumps arc shown at Fig. 213. 
That at A is a plunger pnnip, which is actuated ]»y an eccentric 
strap passing over an eccentric on the caTushaft. As the camshaft 
revolves the pump plunger reciprocates in the pump barrel or 
cylinder. Each time the plunger lifts the inlet check valve placed 
directly over the intake pipe opens and oil is drawn out of the 
sump, first passing through the filter screen, until it fills the 
space in the pump cylinder left by the upwuird movement of the*^ 
plunger. When the plunger descends, a check valve opens and 
permits the oil in the cylinder to pass out and into a main dis¬ 
tributing duct. The splasher or scoop used on most engines and 
its path through the oil in the trough is clearly shown in this 
view. 

The pump form at B is also a plunger pump, but is the form 
where a separate pump is provided for each load from the mechan¬ 
ical oiler. The pump plunger is raised by a cam whicli is rotated 




212.—Sectional View of Engine, Showing Application of Constant lievel Splash System at A 

Oiling System of the Eranhlin Automobile Shown at B. 




























by ■wom gearing. "WTien the pump plunger is lifted by the cam \ 
the inlet check valve opens and permits the pump cylinder to fill. 

On the down stroke the outlet check valve opens and the oil flows 
through the sight feed fitting, from which it is directed to the 
bearing points througli separate oil pipes, as shown in the system 
outlined, at B, Fig. 211. 

A pump of the geared form is shown at C. Tliia operates on 
exactly the same principle as the water pump of the same pattern 
previously described. A feature is the use of a relief check valve 
which will permit the oil to by-pass back into the intake portion i. 
of the pump when the pump is turning nt such liigh speed that 
surplus oil at higher than normal pressure is being siipj)]ied. The 
view at D shows the application of the uieclianical oiler shown 
at Fig. 213, E. This is somewhat similar in principle to that 
shown at B, except tliat it is simpler iu construction. Mechanical. 
lubricators of this fonn are used on some IDll and 1012 models 
of the Overland car. The pump plunger is actuated by a yoke* 
shaped member, the horizontal section of which rests on a cam. 
The camshaft is turned by mechanical connection with tlie engine, 
and as it rotates it lifts the yoke and the plunger attached to it ■ 
against the resistance of a yoke retunxing spring. When the plun¬ 
ger reaches the top of its stroke, oil will feed into the pump cyl¬ 
inder through the two openings which communicate with the in¬ 
terior of the lubricator. These openings are automatically shut off 
as soon as the pump plunger starts to descend. An exhaust check 
plunger opens when the pump plunger descends, and permits the. 
oil to flow past it through the feed tube to the motor. The amount 
of oil displaced by the plunger depends upon its effective stroke.. 
An adjustment nut is provided which permits one to vary the 
amount the plunger will descend in the pump cylinder, though it ' 
will always rise to the same height as determined by the cam 
profile. This type of oiler is very satisfactory, and will give but 
litile trouble if clean lubricant is used. Foreign material or was 
in the oil w'ill have a tendency to clog the feed tube, but if this 
.should occur it will be indicated by the plunger remaining 
up. The plunger moves up slowly but drops faster, because 
of the action of the yoke spring. It is desirable to have the 
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plunger come clown suddenly, as more force is ». on to the oi. 
discharge. 

The luijricating system shown at Fig. 214, A, is t ..loyed 
on the Jeffery fonr-cylimler motor. As is true of all constant 
level splash systems, the oil container is integral with the bottom 
of ttie crankcase, the oil is drawn from that part by the plunger 
oil pump actuated by the camshaft eccentric, which forces the lubri¬ 
cant thnujgh a duct in the crankcase upper portion frora which it is 
directed to camshaft bearings, main bearings and oil troughs into 
which the connecting rods dip w'hen they reach the lower part of 
their revolution. The circulation of oil is indicated by a gauge 
on the dash indicating the pressure. The amount of oil available 
in tlie sump or container is indicated by an oil level gauge which 
is actuated by u float raised and lowered as the supply increases 
or diminishes. When it is necessary to .supply 'i.ew oil, this i* 
inserted tliroiigh the breather j>ipo on the side of lljc crankcose. 

The system usi'd on Abholt-Detroit motor cars is prachcalk 
the same as that used on the Jeffery except that two oil pumpt 
-ire used. The view at B is an end sc'ctioiial tKagram showing a 
portion of the crankcase and siaup. The general arrangement of 
the entire lubricating system may be clearly ascertained by re¬ 
ferring to the loJigitudinal view at Fig. 214, C. As is true of 
most systems of this nature, the stipply of lubricant is n'[)leni8hed 
through the breather pipe which is provided with integrally cast 
inclined vanes or ledges to prevent the crankcase compression blow¬ 
ing out the oil mist. The level indicator or gauge is located o 
the right liaiul sule of the engine, between the second and third- 
cylinders, and the proi)er level to maintain is between the high 
and low’ points of llic gauge. It is said that a point about ^ inch 
below the high level mark indicated will give best results. With 
the level at tlie proper height there will be about nine quarts of oil 
in the reservoir, a point whieli must be considered w’hen the used 
lubricant is drained out and replaced by new. The system is. 
classified as a constant level splash with positive plunger pump- 
to circulate the lubricant. Thew* Iw'o i)urnps are driven by eocei 
Irics on the camshaft, one pump supplying a constant stream oj 
oil to the rear main bearing, the other pump feeding the front 




Pig. 214.—Sectional View of Engine Base, Showing Jeffery Oiling System. 

B and C — Views Showing Double Pump System on the Abbott 
I Detroit Car. 


) uiu bcariiip: aii.l iUmn^ gear compartment. Tlie overflow from 
' bearii.sr drains into four sc-paratc troughs, into which the ends 
the connecting rods dij) as they rotate. The lubricant is main- 
iined at a constant level in this compartment by the use of over- 
.iow T.ipe, from 'nliieli any excess lubricant drains info the sump. 
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All lubricant drawn into the pumps is Screened before it is allowed 
to return to the biuirinprs. The object of employing the separate 
troughs for the conuectiug lods to ilip in is to jU’CVCUt the oil from 
flowing to the rear the oraiikcase wlien the car is climhing hills, 
or to the front of the erankoase Avheii il is desecndirig grades, as 
cither of these eondilious would result in flooding one section of 
tlie crankcase ajid depriving the other portion of an ude<|iiate 
supply of oil. It is recotnniende<l that ev^ry thousand miles at 
the most the plug in tiic side of the lower half of the crank" 
ease be removed and all old lubrhsnit drawn ntV. It is sug¬ 
gested that if the oil be exami!H*d earefully, and particles of metal 
arc found, this indicates hearing tnmhles. If the oil is tilled 
with carbon particles it may be taken as an indieatiou that gas 
ioaks by the ])istoii rings under pressure of the explosion and 
burns away some of the oil on the cylindiT walls. The screens 
used to filter the lubricant should he tlioroughly cleaned before 
replacing. 

An oiling .system similar to tliat just deseritH'd, inasmuch as it 
uses two pumps of the plunger type, is slniwa at Kig. 215. In this 
the oil reservoir is divided into three conipartinenls; one of these 
servos as a main container for tlie oil, one at tlie center is filled 
part W'ay up with water, while that at tlie front end is filled with 
oil, and also houses the circulating pump, and in this system one 
pump furnishes oil to the jufliii bearing at the n^ar, the other to a 
similar member at,the front, the crankshaft being a two-bearing, 
type. VassagcR are drilled in the crankshaft, thriuigh which the 
oil goes to the biwer connecting rod licarings. Tlie oil thrown off 
by tlie rotating crankshaft is spla.shed to all inti*rior parts, and 
lubricates the cylinders ami pi.stous. Splash is not depei]di*d on 
as a drain pipe at the bottom of the crankcase allows all the oil 
to escape from that nnonber. The drain pipe cr.mnmiiic.ates to 
the bottom of the coinpartineiit jiartly filled with water. It is 
I'laiinc'd that the oil whieli Tiiust pass through the water befoir 
it will float on its surface is not only cleajieil of all foreign mat 
Icr, but that it is also cooled, an important rcfiiurcmcnt iu liigl 
s]>ced motors. The oil floats on the top of the water and drips 
through a suitable overflow' opening back into the main reservoir. 
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It is argiifd in favor of watn* ns a filtoring niediiiin that it is not apt 
to got clogged np with particles of carbon as a filtering screen is. 
Besides, it has the added advantage of reducing the lomperutiire 
of the lubricant. 

Overland Model 82 Oiling System.— The <nling system (Fig. 
21(>) is autonialic and self-contained. Tt is of the comhinatioii 
force feed and splash tyjic, in which a constant level is inuintniiied 
ill tlie oiling base. It is very &inip.le in operation and rerpiires 



Fig. 215.—Double Pump System in Which Oil is Filtered Through Water 

to Remove Impurities. 
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no other attention than to see that tlio j)roper grade o£ oil is 
supplied througli the breather pipe when the oil indicator on the 
left side of tlie erankease indicates that oil is needed. The amount 
of oil necessary to make tlie indicator register at l.he word 
is seven tjuarts, wliieh is enough for from fojir to five hiindn'-d 
miles of ordinary niiining. The oil is cireulaleil by a plunger 



Fig. 216.—Overland Constant I<evel Oiling System. 


pump loeated on tho center rib of the cylinder block. The pumi> 
is operated by iJie camshaft. 

Tlic lubricant is drawn from tlic oil baw through a fine mesli 
se.reen, and forced direct to the three main Ix'aritiga from which 
it overflows to the oil pan. Six wells in the oil pan directly un- 
dern(?ath the connoetiiig rod.s are supplie<l with oil constantly, and 
a cori-stant level is maintained at any motor speed and under all 
eouditioiis of road travel. The lower eml of each eonnccting ro<l 
Ls supplied with an oil dip which .scooi)s oil directly to tlu; connect¬ 
ing bearings atui splashes the lubricant on the ]iiston walls au-.: 


1 
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■wrist pin bparinj^s. Tlio overHow froju tlie front iiiain bparintj 
flows to th(' front tiniint^ ffrair. I^Voni tlicre it is cuiTi(jd ))>' j^ravity 
to ail j'pars on fho 1ransv<rso shaft. Jt is very iinjiortaut that 
tlic oil sfraiiior ho kejM cloan so that the oirculaliou of the oil 
h(‘ insurod. For this rrason the renajval of the oil strainer has 
i)ee)i rna<Ie easy. l»y JtKiseniii^ the four stud nnts on the ))ottom 
of tile eraiiki'ase llie eylimler sereini may la; vvithdnmi and eleaiied 
hy dippiijer it in a pail <»!' j^asolim*. 

In iviilaeinj^ the screcni it is well to shellac the j^asket between 
the sirainet* (Ian'j:f- and crankcase to make sure that the liihrieaiit 
is j»ro}H‘rly retained. A drain pin*; is also provided in the [lottoin 
vl* the erankcase 1\iv draiiiinp; the Inliricaiii. 'fliis should he done 
once every tlauisand miles, 'flic crankeasi* shoidd tlaai he wasln.'d 
out ^\illl keroseiK* Into the hreallmr l)il»e. After the kerosene lists 
been remov(‘d replsiee the plnjr and .elill the system hy iisiiiii the 
old Inhrieant. heiiijr esirei'id to slndii it tliroii'rh a iine j^rade of 
muslin, and achl fresh Inln-lesud to meke up tin- proper amount. 

I'he ]n-ojn r vMjrkiu'r of the sysleni is indieat«'d hy a )»ressiin.‘ 
‘_mn^i* h'eatMl upon tla* inslrnimnl hoard of Uu* eowl dash of tin* 
cjir in phiin \iew of the driver. It is not rieci-ssarN that this 
j:au}je iudii-alc si ^pveii aieount of iiressiire in jHjtinds; it will 
])« snflieieiil. to noliei* the sli^ldest deteelion of lU’essiire hy the 
Jiefdle movin«» to the rijrht nheii the >uolor is siecelerated. For 
mntoi' liihriesdion use a lijilit eylinder oil, free fj'om esirhon and 
hsiviii^ a tlasli-point of not lower than dlio, and si. fire-point of not 
less than -175 dc‘jxre<-s Fidin'iilieit. 

Anotsic' forced fi'ed system in whieJi no n’iaiiee is placed on 
si>hisii feed due to the coinieelin.i^ rods dipjiino' tin* Inhrieant is 
shown sii F>;f. 217. This is used on some IMeree-Arrow six-eyliiuler 
mohirs, and includes a novel feature of Imvinjj the oil supplied 
drawn from the oil eontsiiner sit the bottom of the erankeasC to 
an oil reservoir csin*uMl sihove llic e.vlinders. AVIiile the oil is sup¬ 
plied to the reservoir liy the pump it flows to the hearing? points in¬ 
dicated hy gravity througli oil supply tubes of large size. Both 
tlie oil reservoir aud the holtom of the crankcase are inclined 
twenty-five degrees, this inclination being given to the oil reser* 
voir when running up or do^wn a grade, each h‘ad will get an 
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equal supply of oil. There are eij'lit of these leads at the bottom 
of tlie oil rescT’voir, one leading to llus timing gear eomj)artnient 
of the eraiikease. the others to the main hearings of tlio crank¬ 
shaft. The conueeting ]*o(ls arc lubricated through suitable drilled 
jiassageways in tin; eranksliaft. As is true of otlier sysbmis of * 
this iiatnre. the. interior of the engine base is filled with an oil 
mist all the time that the engine is in oj)eration, tliis serving tf» 



Fig. 217.—Oiling System Used on Many Early Pierce-Arrow Motors. 

lubricate the ])i8ton, cylinder Avails, and valve operating mech¬ 
anism. 

The simple ])ressnre feed system used on the National car is 
shown at Fig. 218. In this the bottom of the crankcase serves as 
a main reservoir for the lubricant. It is drawn from this by a 
geared oil pump driven by bevel gearing from th(} camshaft, the 
discharge from flic pump being piped to an indicator gauge on 
the dash. The return from this indicator is directed to a conduit 
running the length of the crankcage which supplies the oil to the 
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coDipHi’tini^iils into wliic'li the coniicctiiij? rods dip 1o splash the 
lubricant about the crankcase interior. Attention is directed to 
the oil wells or pockets above the jnain bearings whicb catch part 
of the oil dislril)uted ])y the connecting rods and which fml it 
to the main craiiksbaft hearings. 

Another exanijde ol* the systein in wdiich the oil is forc(*d to 
tin) main hearings and from these nicinbers to the crankshaft in¬ 
terior whieh is used on the Marnion motor, i.s shown at Kig. 219. 
Tills t'lM fates in t!ie same manner as the Pieree-ArroAV system ont- 



Fig. 218.—Constant Level Splash System of National Automobile. 


lined at Fig. 217, exc<*pt that all of the lubrici nt is carried in oil 
rc.servoirs attached to the bottom of the crankcase. On some 
engines, csijccially of the Knight slide valve form, it is desirable 
to increase the oil supply us the engine speed increases. This may 
he easily done, as shown at Fig. 220, by providing swinging oil 
tronglis 0 })erated by linkage wdiich is interlocked with the car¬ 
buretor t!irf)ttle actuating lever. A top view of the system show¬ 
ing the six oil troughs is given at A. At B the various positions 
of the trough for high throttle, intermcdiiite throttle, and low 
throttle are clearly indicated by dotted lines. A side sectional 
view at C shows the siipi>ly pipes used to fill the troughs, and 
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also ':liows the roil employed to tilt the trough. Witli tho^’e mem¬ 
bers ill the position imUcated the eoiinectiiig ro<i will Inke out 
niori) oil on aecouiit of tlio higlier level, Tliis j)ositioii is used 
only on the liigliest luolor speeds. On the infiuMiiediale speeds led 
as nmcU oil is rcquireil as \vlu*ii Ilje engine is running fast, there¬ 
fore Iho troughs are tilb'd to a point wliere thi‘ nil level will he 
reduced. This system has the advaiilage of j»reventiug smoking 



Fig. 219.—Fressare Feed Oiliug System Used on Marmon Automobiles. 

due to hundng too nmeh oil, as in tho.se systems where immovable 
troughs aro employed the level of oil lu lhe.se members must, be 
kept higli tmoiigh to supply positive lulirieity at liigh motor sp(‘eds. 
Obviously, this amount of lulu'ieaiit may bo too mueh for lower 
engiue speeds and the surplus lubricant will be discharged tbrough 
the exhaust in the form of smoke. 

The pressure feiul system used on the Cadillac cight-eyliiuler V 
motor is shown at Fig. 221. Tu this it will be observed that the 
oil is supplied to the three main bearing.s of the fcur-tlirow crank¬ 
shaft by pipes leading from a manifold nmuing along the oil reser- 
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vtiir, a)ul is also dirocted to the camsliiifl hearings through a 
smaller imujifi»ld. The eonneeting rod hearings arc oiled tlirough 
passages drilled in the eraiikshaft. The oil is eirculal'*d by a 
gear [‘mnp <liiveii from the crankshaft hy spiral gearing, the iu- 
urimdiate gear serving to drive the two water pumi>s, one at 



Fig. 220.—How Tilting Troughs, Regulated by the Throttle Control, Vary 
the Oil Supply for Different Engine Speeds. 

each side of the motor, ))y means of a cross shaft. An adjustable 
hy>i)ass valve is ])rovi(l(*d so that the oil pressure may be miiin- 
tained to any desired point. 

Where to Look for Trouble in Lubrication Systems.—Hut lit¬ 
tle trouble will be experienced with the constant level splash sys¬ 
tem in which the oil is circulated by a positive pump through 
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juisKugos oin'cd ill the motor base inslead oE r-xti-rnal pipes. 
Considerable trouble is experienced on tlie old style ears bavinir a 
lai’KO number oC individual lea<l8 running j’nnn a ineelianii-al oiler 
or e.oin[>ressiou feed oiler to llie various beariiiiir points. The siinjde 
sigld feed ]u])7‘iealor en\ployinjf eniui>ivssi(>n pressure to cause tlie 
oil to cireulate from the tank 1o the manirold titlinu:s ■would indi¬ 
cate a cloj*j*-ed in a positive niaiuur as llie i»il drip feed jilass 



Fig. 221.—Oiling System of Cadillac 1916 Biglit Cylinder Engine. 

would fill up if the pipe is eonstricted for any n'ason. Tn event 
of the failure of the oil to drop in llie sij^bt feed •rlasscs when the 
ad.iuKtnioiit sen'ws are loosened to supply more Inlirieaiit, the 
various ])ipe eonneelion.s should he examined. The lii-vst (Uic to 
biok at is the pressure i)ipe runuiiijr to the tank. The first essen¬ 
tial is to make sure tliat the tank filler cap .seats securely, ami 
that the leather washer is iuterposed as packiii}? under the cap. 
Discuiinect the pipe next to the chock valve and with tlie motor 
ninuing note if there is any pre.ssure. i.e., if impulses from the 
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^*xh^^Ilst (?jm l)e felt on tlio luind. Tf nol, the nipple of tlie oxliaust 

manifold or pi])e should l»e removed and cleaned as it may bo 

choked with carlmn, ospeeially if considerable oil is fed lo the 

iiiobn*. The cheek valv4* lusiP llie lank may also be fouled ui), 

due to Toreijrii matter. This should be taken apart and cleaned, 

^repla<*(Ml, and the eiiy:ine a{;ain started for testing the j>ressnre. 

A sini|»le nu'lhod of ((uiekly loeatin^ Ihi* I'ault in a systcTn of this 
kind is to diseouneet the pressure pipj* at the tank and Mow 
lliroinrli the <*heek valve niemher. If tin* tank and oil ]Mpe (uni- 
neetions are tijrht 1)u* oil will thnv throu';li 1lie. si.ulit feed plasscs. 
and it will he api>arent tliat the trouhle is due to not enouj^h 
pressure heiuj; .suppli«‘d the tank. 

Leaks maVii'xisl. between tlie sif^lit feed jrlasses and their holders, 
and this is usually d(*noted ]»y h'aknir^* of the iui)rieant around 
the hofloni of (lie p:lass. In disassenililiiijr and rcadjustiiijr this 
meinher, care should lx* em]>hasi/.eil after new j)ackin‘f wasTiers havi- 
been rei>l}u;od. when readjtjstiiii' not to serew down tin* fittinjzs 
ajiaijist llu* glasses too LVditly as the "lassi's may he broken. When 
tlie jjiass tills up with lubricant, whieh is a sure indieation of a 
el4)fr?ie(l feed ]>ipe, tliat member sh(»ul<l la* reinovi'd and thoroujyhly 
eleai’ed by compresseil air blast or steam under jiressiire. Tin* 
sU*ani is to lie preferred as it will heat up any solidified wax or 
jrrease in the inj)cs. These .si"ht fetMl glasses an* apt to aeeuiimlate 
dust nud dirt, es)>eeially as they are mounted in an exposed posi¬ 
tion in order to note at a glance if oil is dropping properly. A 
suggestion is given at Fig. 222, A, for removing dirt when the 
parts are dilTicnlt of aeeess witl\ a eloth, wliich is espi*eially true 
when the sigJiL feeds are asseitibb-d in a manibild fitting, as showji 
at 15, where they are ]>laeed <!irectly on the ilash. A course. s<»ft 
string is list'd, a couple of tnnis being made around the glass, then 
by imparling a sawing motion to the ends of the coni the en¬ 
crusted dejiosit will be easily removed. 

In those lubricating sy.slems having individual leads ninning . 
from a mechanical oiler, if failure of oil to reach the bearing is 
not due to a broken or constricted feed tube the trouble must 
exist at the pump suiiplying that member. The common fault in 
})lunger pumps is failure of the check valves to seat properly. 
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this beinff duo generally to dirt in tlio oil. Of eourse, if the main 
driving means fails Ihe jHinips will not move and no oil will be 
eirculaled. Oil iniinps arc not so aj)t to wear out as wut(*r pumps 
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Fig. 222.—Showing Simple Method of Cleaning Sight Feed Manifold 
Glasses at A and B. One Method of Curing Smoky Motor shown 
at C. 

are on aecouiit of tlio Inbrieating properties of the oil, whicli 
tends to minimize depreciation by keeping friction at a low point. 

Method of Curing Smoky Motor.—The owner of a praetieally 
new car was much annoyed with a smoky exhaust which clearly 
indicated that oil was working by the piston rings, and that this 




4)35 


Liibricaling Syntem Troubles 

condition was evident even wlieti tlic level ol* oil wan l)elow the 
point reoonnnended hy llu; makers ol* llu* car if the motor was 
run at speeds, ft was evident that llu* tronl)le was not due 
to meeliaiiieal depr(*e)ation as tlu* ear was j)i'aetieally new. After 
eonsiderabh* study a elieap and sueees.sful renu*dy 1'ur the tronhlu 
was devisi’d. 

Tile cylinder head was n-moveif, iho eoiin<‘etiiit? Jod hearings 
weir* loosened and the four pishnis, after marking eaeh. were 
removed. \ext the wrist pins and eonneciing rods were taken oft’, 
and i'lU'li piston, after taking ont tlu* two lowest, jnsiuii I’ings, was 
ehneked nj) iii the lathe separalidy. A small groove, a sixteenth of 
an ineh in diameter, was ent into the piston, as sliowii in Kig. 
222. at an angle, of do degrees. Tlu* cut started I'roin the (‘dgo 
of the liollnm of (In; next to lowest piston ring groove. Tliis enp 
was also one-sixteentli of an inch in rteplh, thus hn-ming a euj)- 
shaperl grorrve llm ^•nlire. eirenmlVrenec of the piston. \ext tlu* 
pi.ston wa.s ilrilh'el at llie same angle of -lo degjves willi a one-six¬ 
teenth ineh diill. These hol(*s, aliont one ineh apart, were (.Irilletl 
clear through the pi.ston. The elVeet of this gro»)vo xvaslo collect the 
oil luu'ked up hy the hotlom iiiston ring on the dowinvard stroki*. 
The small hole's <lrained llu* oil iido the inside of the piston and 
thus hack to the enmkoase. 

The rings were rephieed, the wristpins and conneeling rods 
put back, the idslons .sii]»]H'd into the cylijidcrs and the eonneciiiig 
rods tightened u[). Next the eyliiuler head wur; rephieed ami oil 
init into tlic crankcase, the level of whu-h was ra sed oiie-<piartej* 
ineh above normal. When tJu* motor was started the ahju*rrnal 
amount of smoke w’lileh tlu* little engine had fornu*rly pnuluced 
faileil to aj)pear. After n.*^ijig his ear a month, the owner called 
at the garage to slate that the .io)> had proved satisfuetory. A 
n‘f>air of this kind can h<* nnule only when tliere is sutTiei(‘nt wall 
tliiekness t»i the i)iston. 

Simple Oil Filter.-^There are many occasions when oil is drawn 
from a motor crankcase or sump wlien it still possesses liihrieating 
(pudities, hut is iiiisiiitahh* for use owing to the j»resenee of dirt. 
Kven if aii oil is TiiisuiUihle for eyUnder Inhrical ion, it may still 
possess siifiieieiit lubricating value to be used around the iiuiin- 
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])ortant bearing-points of the car to which it be applied witli 
a hajul oil can or syringe. Instead of throwing away the oil it is 
possible to'save (piile a few gallons in the coifrse of a year, if the 
simple filtering device as shown at Kig. 223 is used. This may 
be made ui> by any tinsmith at small cost. It consists of a main • 
container of galvanized iron having a tight-fitti))g cover so dirt 
will not get into it. Three ledges are soldered to the sides of the 
tank as indicated, the one at Die lop liolding a brass wire gauze 

seroen, Die two lower 
ones acting as sup¬ 
ports for funnels. The 
dis<;harge op<‘uiiig of 
eaeli funnel is filled 
with clean waste, and 
by the time the oil 
reaches the bottom of 
the container it has 
been thoroughly fil¬ 
tered, the larger par¬ 
ticles of dirt being re¬ 
strained by the brass 
screen, while the re¬ 
mainder is held by the 
waste plugs. A pet- 
cock is aohlerod to the 
bottom of the tank, so the filtered oil may b(‘ drawn out as needed. 

Requirements of Lubricating Oils.—Much difference of opinion 
exists relative to the best grade of lubricating oil to use in the 
automobile power plant, some repairmen favoring the use of a very 
light, free flowing oil, others recommend oils of medium body. 
The best oil to use depends entirely upon the type of power plant 
and closeness of fit between the parts of the meclianisin; no one 
grade of oil is suitable for all engines. The following extract 
from a paper read by Harry Tipper, an authority on lubricants 
and lubrication, before the S. A. E., outlines the points involved 
in the selection of a suitable lubricating medium very clearly, and 
may be read with profit by all motorists and repairmen. 



Pig. 223.—Easily Made Oil Filter for Oarage 

Use, 
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“IiiaMinu-h as the aHiitrary tests to determine tlic physical 
cliaracleiistics of the oil do not iUiiminale its value for any par¬ 
ticular purpose, let iis considei* wliat the oil should do. In order 
to bring this <Ureetly to the point of greatest interest to the 
society, Diat is, the luhricalioii of the motor of automobiles, let 
jnc suggest the reijuiremciiis whieli a lubricant for this purpose 
should meet: 

1. Tlie (ol slumld jsKssess a .suffieient body to keep the bearing 
snrt’aees a[)art at the temperature at ^liich the bearing^ run. 

2. Il sliould ]»ussess such fjualities as will reduce the friction 
to a minimum. 

The Ihisli p<nnt should he sufTieieiitly high to insure against 
the juesem'e of volatile eonsliluents. 

4. It should riiuaiji iliiid at such low temperatures as will be 
met ill .service eomlitions. 

5. H sliould have no tendeiiey to decompose or to form such 
deposits as will gum up the machine and increase the friction, 
where the ohject is to decrease it. 

6. It .sliould contain no iTigredients which w'ill corrode or pit 
the metal. 

‘‘In considering the (lualifications to be added to these general 
re 4 uiiviiients in order to define ajiplieation to the mechanical con¬ 
ditions of cylirjd(‘r lubrication, it is necessary to consider the quos- 
lions involved in the operation of .in internal combustion engine, 
which are dift’erent from those of any other typo. "What I have 
to say now may aiipear v(‘ry elementary from a mechanical stand¬ 
point, but unless it is mentioned, the iniportai-t bearing which it 
has upon lul)ric}iti<m will not he as obvious as 1 want to make it. 
After a charge has hcmi taken into the eylindcr on the suction 
stroke it is conijiressed to from .'SO to 75 pounds before being fired. 
Naturally upon the starting of the compression stroke there is a 
tendency for the gasoline mixture to leak. Tlicre are two ways 
of obviating this <lilTieulty, of securing full compression. These 
tw'o ways might he stated as mechanically secured eompression, 
formed by the dost* fit lietween the piston or piston rings and the 
cylinder wall; or compression secured by liquid seal, which means 
the use of an easy clearing between the piston rings and the 
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cylinder ^vall and tlic sealing of the spare hetweeu them by tlic 
vise of a proper kind of hibricating oil. In respect to the me¬ 
chanically s(‘cun'd compression the following points are woi'tli 
noting as axioms v^•hich ninst ho taken iiito consideration in csii- 
mating the conditions: 

1. The c.J(»sei‘ the fit, that is, the less tlie clearance between 
the pistoii and cylinder walls, tlie more the ])ower absorbed in 
turning Iho engine over. In 1‘aet, il. is possible to secure perfect 
compression in Ibis way oidy by securing s(» tight a fit that the 
DKielianism will not turn. Kveri in practh'O gootl compn-ssion can 
be secured only at the sacrifice of sona; <»i tlie cfTcctive ^lowcr. 

2. 1'iie closer the )nc<*hani<'al til between jiiston and cyliivh’i' 
walls lih' tliijiper a lubricating oil ^^l 1 ich will work its way lad ween 
Hum. Tluj IhiiUH'r the luln'icating nil the grcatiT \>iU be tiu' 
wear and tear, laM-ause ol* tin* impossiliility of keeping Hie metal 
surfaces ajiart where tlic clearances are so small and the lubricant 
must be such a slight film. 

^‘"With these eonditioiis, when wear and hni:' lias once begun, 
every stroke of the engine increases the loss of compression, the 
consiunptiou of lubricating oil, Hie emisumptiou of gasoline, in 
proportion to Hie amount of }>()wer, and, in fact, decreases oon- 
timnilly the cfiiciency of Hie motor. \’ou will readily see the im¬ 
possibility of securing and maintaining maximum elliciiniey niider 
the conditions. The motor after leaving tln‘ factory is run at great 
variations of spi'ed and coiisiderahhi variation of load. Th se 
variations are r(uito rapid and frequent. On aeeoimt. of the me- 
cliauical conditions of the motor you have rceoninuniiled a very 
thill, light liihrieatiiig oil for the motor, under the guarantee. 
This lubricating oil lias no ))articiilar ml!iesi\<*ncss and will flow 
as readily from the cylinder wall as to it. (’oiise(|U(*ntly, during 
the rapid and freipieiit variation.^ of .speed, cylinder walls are 
Bometinics overhnrdeiiod with oil and somolimes practically dry, 
making wear and tear e\cos5sivo and naturally resulting in a very 
rapid increase in the space between Hie ])iston and cylinder wall. 
This wear and tear is not thoronglily even; Hie clearance is largi-r 
ill some places than in others. Then the lubricating oil flows fi'cely 
up and down the walls of Hu* cylinder and then* is never any time 
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when just the proper inuount of oil is on the eyliiuler wjUI. The 
oil is so thin that it cannot be held in tl)e iintreascd si)aee, con¬ 
sequently on the conipn'ssion stroke the gasftline mixture escapes 
past the piston, Ueslroyinjr tlie lu])ricdlin^ oil in the erankease, 
aiid roducinjf from lo to 80 per cent, the pov'cr which should be 
secured from the gasoline. Further, the condition under discussion 
is responsible largely for the carbon wbich is so constantly being 
experienced on aecoiliit of the faet tliat tin* oil, l»eiiig v<’ry light 
in body and free-flowing, is drawn up duriiig the suction stroke 
into tlio coiupression elunnher and onto the piston heail, where it is 
(iistilled. leaving a e(ik<* hal«‘d on tlie j)iston head to the first ring, 
upon tiio valves, ete. 

“(\msider, instead ol! <he niechauically seemred emiipression used 
in coniieetion witli thiu oil, eompressiou whieh depends upon the 
iiM' of hihrieatiiig oil, the elearanees ))eiiig lai’ger. Krniii tlu^ sland- 
prhiit of the ineehanieal etlieic-uey of any power gemu’alor. and, in 
fact, «any moving e«juipnienl, tlie ln-st fit—that is, the UH’eli.-inieal 
lit whieli absorbs tin* hsist amonnl of power due t<v fri<‘lion in the 
)>o\ver generator itself—is an easy sliding fit. If depeiulence is to 
I'c laid, however, upiui tlie metal and not upon the liibrieating oil 
to niaintaiii compression, this easy sliding fit is too loose to give the 
ectiiijircssion nsiuired. If, however, it is intemh'd to seeurc the 
ennqiressioii hy tlie li«piid seal of the lubrieant, tlien an easy 
sliding fit ean be given to tbo motor, a snfileiently }u*avy-bodied 
oil used for lubricating M*itli the result that rhe metal surfaces 
can bo kept ai*arl, the eonipression can he mrirdaintsl so that 
there will ho [wactically no ehaiige in the hihrieatiiig oil in the 
iTaiikcase, and only tlie ordinary wear and tear on a properly 
lubrieatt?d siirfaeo will take plm-e, which wear and tear is infinitely 
slower tlian lln* wear and tear wineh usually oeeiirs umler the con¬ 
ditions previously mentioned. Ju working out liihrieating c’.ls for 
automobile engines we are using to-day oil of 2dl). 800, 500 and 
750 viscosity; tlic oil of 200 seconds viscosity being use<l entirely 
for those motors which arc Ix'ing made with cleaniiiees too small 
to permit of the oil of the projier body being ustjd. Tbousands of 
tests by private owners, which, while they may not be accurate, 
indicate tlie general result that in practice }»y the use of these 
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heavier <»jls liicy luive seciireil from 10 pi-r cent, to 20 per cent, 
and in sonic eases yvtT UO per cent, more iiower from the fuel, 
owing lo the saving of any loss on the compr(‘ssion stroke. On this 
account they Jiave also used less lubricating oil, due to the fact 
tliat there is no admixture of gasoline, deterioration et)use<ineiitly 
being very slow. There is uLso less wear and tear on the cylinders 
and practically no trouble from carboji.'* 

Peculiar Cause of Overheating.—A motorist wlm owned a 
very good make of car was lK)tliei*ed by a particularly severe case 
of overheating, and was at a loss t(» find its Irnc cause. The motor 
was thoroughly overhauled to make sure that the Inbi icating sys¬ 
tem was functioning properly, the interior of tlie watorjackcls was 
cleared of all inerustation, the radiatoj' reidaeed by one of larger 
capacity, the pnmp and water piping examined to insure that the * 
water circulation was brisk, the exhaust valves gone over to make 
sure that they lifted enough to release the gases and that they 
opened early' eiiongJi, and all important members in the transmis¬ 
sion system were iiispoeU^d to see that there was no binding or 
harsii action at these ixhnts that would a.’osorb power, Desj>ite all 
the precautions taken, the ear continued lo overheat and nothing 
the local repaiianan could do prevented the trouble. Tlie writer 
W’ns finally asked to give an opinion, and after the various reme¬ 
dies tl\at had been apiiUed ineffectually had been described in de¬ 
tail, it seemed tliat but little had been overlooked, and the case i 
assumed tliat mysterious aspect that often puzzles (*ven the most * 
export of repairmen. 

The car was not fitted with a mufllcr cut-out valve and the 
writer noticed that the muffler seemed particularly efficient os re- . 
gards .silence, a barely' perceptible sound being lieard as the gas 
was discharged in the air. As the overheating was accompanied by 
loss of power, and as the engine had very little power even when 
cooled it was assumed that llie oviTheating w'as due to some condi¬ 
tion of the mixture, but varying this till it was so thin that the 
engine backfired through the carburetor did not improve either 
the power or the chronic overheating. As an experiment, the 
muffler was removed and the car operated witli a direct exhaust. 
The rcsiilt was a z'cvelation, us the car not only liad all the power 
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one could reasonably expect, but lliore was not llie slightest sign 
of overheating. ^ 

It was then clearly evident tlmt the imifflei* was at fault, so it 
was taken apart and the interior carefidly examined. Tlie design 
^^’as such that it would have been a very eireclive silencer even in 
noviiial condition, and the fact that cais of tluit make had a very 
enviable reputation for silence kept all eonci riied from suspi*cting 
iJie nmfilei* until nearly everything else had been tried. The prin¬ 
ciple of action was to bn ak U]) the gases ])efore they r(;aehed the 
air by passing them through a number of baflle plates jdaeed at 
intervals in the muffler shell, these being perforated by a graduated 
serii's of holes to allow the gas to pass through. The first holes, 
tluit i.s, those nearest the exhaust intake opening communicating 
witli the engine were alvnit iwch in diainet»‘i\ but each suc¬ 
ceeding baffle plate liad smaller openings but a greater number, 
so that the available discharge area was practically the same in all 
the partition plates. In the member nearest the discharge end of • 
the muffler the holes were normally }/% inch in diameter. 

The engine was fitted with a constant level splash s^'stem that 
insured copious lubrication and the owner had not span'd the oil. 
The result was that accumulations of soot had filled the small 
holes so that they were less than half their normal diameter and 
the back pressure resulting from tliis reduction of area had caused 
both the lost power and overheating. The holes were drilled out to 
a larger size, %o incli, so they would not he so liable to fill up 
again, and after tlte muffler had been tborough v cleaned so that 
all soot was removed from the entire serii*s of baffle plate openings, 
the component was replaced and the trouble ceased. Enlarging 
the holes produced a little freer discharge and the car was just a 
trifle more noisy than it had been prior to the lime the holes 
clogged up and caused defective engine action. Enlarging the 
openings was advisable, however, as they were not so liable to 
clog up. 
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dash-board. Aiiotlier wire ruus Xrom the spark which is 
placed in series with a storages battery, to the other side of the. 
switch. From the top of the switch a wire runs to the ij^niter 
switch rod or busbar wliicii dc'Iivers the current to the four igniter 
plates, oue in each combustion eliaral)er. The igniter plate is an 
approximately triangular memlter I attaclied to tluj cmnbuation 
chamber wall l)y three bolts. It earrios an iiisulalcd eontaid mem 
her A wliich is fixed, ami an oscillating contact imonla'r tl which 
is worked hy a lever outsnlo of IIk* cylinder wliieli is actuated by 
a tappet md T, lifted by the cam C. A spark takes place between 
the contact points when tlie liammor meiuher IF breaks contact with 
the anvil momiMU' A. The break lakes pbici' when the r(»lli r li 
drops ofi’ of the cam pnjfih*. 'Plus can he timed to neciir when 
desired by suitable regulali(»n means on the tappet md T. The 
.switch handle K wideli joins the busl)ar 15 to tliu switch mem]»er 
projecting frorji A. is m'eessary to interrupt tlje igiiiter.s i’.: t>rder 
to locate a cylinder that is misfiring. 

About the only thing that can (K-eiir is boding <»f the eonhiet 
points by carbon d(‘posits am] excessive ineebanieal dej»reciation 
of the iietiiatiiig mechanism. Kither of these troul»les is easily 
determined oii inspect ion and the remedy is ol>vioiis. 

Trouble is sometimes experieneed with the low hoisioii magneto, 
which is si 10 wn in section at Kig. 247. The form slnnvn uses plain 
bearing.s ami as these recpiiro considerable lubj ie.ant it is jiossible 
for the collecting brush<*s or armature winding to become nil 
soaked wliich interferes with proper delivery of cuiTent. U is 
also important to time the low tension magneto m tl\al llie e.oiitaet, 
points of the igniter plate I will separate when the armature of 
the magneto has attained its position of maximum current genera¬ 
tion. This will be considen'd in detail in eonnectioii with tlie lugli 
tension magneto as will other magneto Iroiihles, so it is not iieees- 
sary to coiisiiler them at this time, it is imimrtaut that the con¬ 
tact brush shown hearing against the side of the armature and tho 
contact member A, be making a positive connection with the parts 
they are intended to bear against. Failure of the low tension 
magneto to deliver current is usually due to poor contact at lliose 
points which may be produced by paj'tieles of foreign matter or 
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which may result it tlic spriiifis niaintaiihii*? tlu; parts in contact 
have lost their elasticity. Oenorally tlie trouble is gummed oil 
wliich is easily j-emoved with gasoline. Sometimes the current de¬ 
livered by the armature short circuits because of a cracked or oil 
soaked iusulutor which carries the contact rod C. 

Magnetic Spark Plug Systems. -OtluT low tension ignition 
systems have betai (h*\is(Ml though they have never received wide 



iSHviziiscoQmiVi' 


Fig, 247.—Magneto Used witb Locomobile Low Tension Ignition System. 

ai»plicatiou ill wijich tin* moving mrehaiiism iieedeu to operate the 
igniter plates from the camshart have been roi>Uiced with magneti¬ 
cally operated spark ])lugs, tin* hading example of wJiich is the 
Bosch shown at Fig. 2-lS, A. This c-onslsts of throe main parts, a 
supporting member which screws into the spark plug hole,in the 
combustion cliamber, an electro-magnet ami oscillating mechanism. 
The electro-magnet contains a coil of wire 1), and is protected bv 
a cover B, and iron oiite.r shell A. A cylinder IT Avliieh is threaded 
at its low'cr end projects into the. coil. A collar Jv forms the 
base of the magnet. The oscillating nieehani.sm consists of a pole 
I»ieco E, a liorse-shoc shapetl spring G, and an armature F. The 
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lower part of the pole piece is provided w’ith threads to fit the 
hollow cylinder II, and 'is formed extcsriially to he retained in the 
support K hy a retaiiiiiip nut or collar L. The supporting mem¬ 
ber lias the upper lialf of hexagonal form the same as auy spark 
plug body and is threaded to fit tlio siiark plug aperture. A 
steatite insulating inenibcr J in connection with the packing gas¬ 
ket insures against loss of euiupre.ssion or explosive pressure. 



Fig. 248.—The ConetnictiOD and Application of the Bosch Magnetic 

Plug. 


The operation of the plug is very simple, as when the terminal 
P is connected to the source of current when the electricity passes 
through the coil it magnetizes the core E, which attracts the arma¬ 
ture P,-pivoted on a knife edge extending from E to the rights 
this separating the contact points M and N and producing a 
spark. A brass plug 0 is inserleil in the core E so the onnatur(> 
will not stick to the pole piece due to magnetism. A spring G 
tends to keep the points M and N in contact. The point N is 
attached to the spark ]dug body and is V shaped, the other point 
on the armature being formed to fit into the V portion of ^I. 
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Tlie complclc ignition system is shown in (.liagnim form at Fig. 
248, B, and is very much tlic same as tJie wiling for a high tension 
magneto using jump spark jilugs. In addition to the timer or 
contact breaker whicli is of the usual form, the magneto must in¬ 
clude a distributing device which will allow the circuit to flow 
to the plug in the cylinder about to fire a charge. Tlic distributor 
consists of four contact ])oints carried by a body member of in¬ 
sulating material and a rotary distributor arm tJiat makes contact 
with the different contact points in turn aecordiim: to the firing 
order of the engine. The piincipa! trouble apt t(j f''‘enr with the 
magnetic plug is short circuiting due to carbon deposits or ac¬ 
cumulations of oil which will interrere Avith prompt action of the 
oscillating annaturo F. If the spj’ing (J breaks, the o])erat.ioii of 
the plug will he erratic and the engine will uiislire. This system 
has received but limited application on automobile engines, but, 
has been used to some extent in marine engine work so the repair¬ 
man should, at least, be familiar with its i)riiiciple of operation 
ill order to have a reasonably couipilcte knowledge of electrical 
ignition n^othods. 

Wiring Troubles and Electrostatic Effects.—The principal 
troubles that are apt to occur in the wiring systems are evident 
on inspection, these eonsisting usually of a break in the conductor, 
which may sometimes be concealed by perfect insulation covering; 
wearing away of tlie insulation duo to abrasion between the wire 
and some metal portion of the car whicli eventually results in a 
short circuit and the wiring becoming oil soaked and failing to 
properly carry the charge of current which leaks through the de¬ 
fective insulation. The wiring of a complete dual ignition sys¬ 
tem in which two i*adie.al1y different inetliods of ignition are used 
is shown at Fig. 249. One syslein consists of a set of low’ tension 
igniter plates mechanically operated from a suitable eanisliaft, the 
other method, which is independent, has high tension ignition plugs 
ijperated through a timer of the usual form. At the present time 
where dual ignition systems arc provided the usual practice is 
to use two high tension systems, one of which will derive its cur¬ 
rent from a battery and coil, the other w’hich will receive the 
energy of a high tension magneto. A typical double system 
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adapted for six cylinder engine ignition is shown at Fig. 250. In 
this two spark plugs arc carried in eacli cylinder, one over the 
i intake, the otlier over tlic exhaust valve. A battery timer is 
mounted close to tlic dasli from which six priniary wires go to the 
individual coil units of the coil box. High tension wires come 


I Fig. 249.—Side View of Engine Used on Early Columbia Automobile 
Having Both High and Low Tension Ignition System. 

i‘ 

{ from the bottojn of the coil to one set of spark plugs. Another 
I set of high tension wires extends from the magneto distributor to 
"the remaining set of spark plugs. 

J It will be ajiparent that in both of the systeMi.s show’n that con- 

i siderable care is taken to have the wiring carried in an orderly 
manner and kcfJt out of contact with llie metal portions of the 
cylinder by suitable insulating blocks, usually made of fibre, as at 
Fig. 250, or in a fiber-lined metallic conduit, as shown at F'ig. 249. 
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rig. 201.—wiring Diagram of Locomobile Higb. Tension Ignition. 

A typical clonbh* ignition system which lias been used on some 
models of the Loeoniobile is clearly shown at Pig. 251. I'he method 
of running the wires for the primary circuit is very clearly out¬ 
lined at A. The complete wiring diagram showing the high ten- 
4sion leads going from the magneto distributor to the spark plugs is 
shown at B. Willi a system of this kind the current may be de^ 
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rivod fi'om a battery which is timed by a priniaiy circiut t>reakor 
jjttaHu'd to the magneto contact breaker l)OX and sent through u 
single unit coil secnivd to llic dasJi. The secondary cuiTCUt frOill 
the coil is led to the center of the inngiielo distributor, which serves 
the dual purpose of directing Ibe higli tension current from either 
the magneto armature or Dio induction coil to the spark plugs in 
Ibc proper firing order.' Tlie nsnal method of housing the sec¬ 
ondary cnldes ill a conduit of insulating inatenal so that tticre will 
bo no liability of short cireuiling due to <nl aeeuninlatioiis or to 
contact with metal pai’t.s is so clearly shown at Fig. 251 that further 
description Is unnecessary. 

The repairman iloes not generally n*eogni}!e the fact that the 
mnnner in wliieli Die liigU tension cables an* led from h magneto 
or sjuirk coil to tlie spark plugs is sometiincK the cause of misfiring 
and ignition ii'irgularilies which are hard to locate. A spark may 
sometimes occur in a oylinciiT in which the ]>islou is going doAvn 
on its suction stroke which is uot due to defective insulation of the 
wires or to shoit- eircuiting, but to an electrostatic action between 
one wire aiul a neighboring one Dirtmgb which no e.urrent is flow- 
. iiig. Eiuh*avor should always be made to keep the secondary cables 
as short as iiossifde, as in sonic cases if a coiiduetor is too long the 
tendency is toward an nnndiahle spark. Some ignition experts 
eondernn the pi’aclice of rniining the secondary wires close together 
in a fiber-lined conduit and reeommmul the use of fiber cleats se¬ 
cured to supports extending l’i*om‘ the engine and provided with 
grooves that will bold the cables some distance aps rt. 

‘When individual unit coils are used a condition that often puz¬ 
zles those tvho have had no previous e.xperienee witli it is what is 
known among old-time repainmn as “bucking,” this usually being 
•> evidenced on engines of tlie four or six cylinder forms. The symp¬ 
tom is the same as a. premature explosion in some one of the cyl- 
imlcrs, this liaving a tendency to cause the engine to come to an 
abrupt stop. One is often led to believe that a short circuit ex¬ 
ists at one of the timer wires which allows a contact being made at 
I the wrong time, producing a spark in the cylinder about to fire 
I before the gas is fully compressed or the piston has reached top 
center. This is due to an inductive interference between one indue- 



510 


Aulomohile Beindring Made Easy 


tion coil 4 uh 1 a neighboring one. It is known that when the pri¬ 
mary coil becomes energized in any unit the core becomes a magnet, 
and as is common with yll bar magnets, lines of force arc given out 
which run from the north to tlie south poles and which induce a 
current in the secondary winding of the transformer coil. If this 
magnetic influence does not stray from its proper confines no trou¬ 
ble will be experienced. If a porlion of this magnetic fiehl strays 
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Fig. 252.—Method ot Carrying High Tenaioii Cables in Conduit. 

over into a iK'ighboring coil unit enough voltage may be induced 
in tlio secondary winding of the latter to produce a weak spark at" 
u spark plug connected with a coil wliieh rightly should remain 
inactiblc. This condition is more noted with old-style induction 
coils than with modern ones, and usually results when the motor 
is running slowly. The trouble has been eliminated in many of 
the later forms of multiple unit coils by providing anti-induction 
shields between the units. These are merely metallic strips in 
which the energies from the stray magnetic force is dissipated in 
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• (1h‘ form oE eddy currents instead of cutting wire layers of adja- 
c»*nt units. If this trouble is experienced and none of the eom- 
nioii faults arc found to exist, such as carbon deposits and rough 
edges in the interior of the combustion chamber or long, thin spark 
plug points which remain incandeKcent and relain heat from a 
previous explosion, one may suspeet troidilc in the multiple nni^ 



Fig. 2S3.—External Views of Typical Magneto Ignition Devices. A.—The 
Bemy Magneto. B.—The Bosch Du 4, a True High lension Type. 

coil. It has been cured at times by iiisorliiig t.liin stni)s of shed 
iron between tlie coil units. The. most frcMpieiit cause of “buck¬ 
ing*^ is defective insulation of the secondary wires, which allows 
the current to jump from one cable to anolhor. TbLs is sometimes 
found to be the ease when all cables are passed closely together 
through a common tubular conduit, and is not apt to result when 
wires are carried apart in cleats. 

Troubles with High Tension Magneto.—^Before describing the 
various high tension magneto troubles it may be well to review 
briefly the construction of typical magneto forms in order that tho 
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repairman may become familiar with the principal types. Iligh 
tension magnetos may be cither one of two general forma, as sliowii 
at Fig. 253, it being practically impossible to distinguish between 
them from external appeaj*aijcc*s unless carefully examined. The 
magneto shown at A is a transformer coil type, i.c., it generates a 
current of low'Voltage, which must be intensified by a separate coil 
of the non-vibt«tor form, tlie high tension coil current being brought 
to a central terminal on tlie distributor and from that point led 
to the various spark plugs liy tlie rotary distributing brush. The 
Iruc high tension magneto, which is shown at H, is a complete igni¬ 
tion system in itself, and does not deiu-nd on any appliances other 
than the spark plugs in the cylinders and a small grounding switch. 
A high tension cuiTent is delivered from tlie armature directly to 
the distributing raeniber and no sei)aratc transformer coil is needed 
unless tlie magneto is used with a dual system. The parts that 
tlemand the most fier|ueiit inspection in a magneto are tlie more ac¬ 
cessible ones, these being tlie breaker box, which liousi's the com 
tact points, and the distributor, w^hich is utilized to commutate 
the secondary current. 

The construction of a Splitdorf magneto is clearly shown at 
Fig. 254. The longitudinal seetioiial vi(»w shows clearly the com¬ 
ponent parts of the device. The armature is wound to produce 
only low tension current, so the magneto must be used in con¬ 
nection with a separate transformer coil. A sectional view of a 
true high tension magneto, the Eisemann, is shown at Fig. 255. 
This,.differs from that at Phg. 254 in that it employs a double- 
wonn^ armature, which delivers a current of high potential to the 
distributor. The spark time is advanced and retarded on most 
magbetbs by rocking the contact breaker back and forth by a suit¬ 
able mechanical connection with the spark lever on the steering 
wheel. In the Eisemann magneto outlined an automatic spark 
control or advancing mechanism, which increases the lead of the 
spark as the engine speed increases, is included. The operation of 
this automatic timer is very much the same as that of the Dclco 
automatic spark advance, previously’ described. The governor 
weights are carried by a sleeve or quill mounted on an extension 
of the armature shaft, which has a rectangular block sliding within 



High Tension Magnetos 



fig. 25^.—^yiew Showing Construction of Splitdorf Magneto. 
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it. This block is threaded for receiving a spirally cut shaft, -which 
is driven by direct connection with the ©ngmo throngh some form 
of gearing. The governor weights are attaclied to the sliding block 
by means of links, and as the shaft is revolved the weights tend to 
spread apart, and as they do the block is made to slide in the 
quill. In so moving it travels along the threaded shaft, which re¬ 
sults ill slightly rocking the block. As tlie block oscillates it car- 
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71g. 255.—The Eisemaim High Tension Magneto with Automatic Spark 

Advance. 


(pies the quill, in wliich it works, forward slightly and also tlie 
•larmature shaft to which the quill is fixed. The armature is thus 
[advanced and also the commutator, which is attached to the frout 
4?nd of the armature shaft. As the speed increases tlie governor 
veights fly farther out and advance tlie time of ignition. "Wlien 
the speed diminishes the weights tend to close up, this being a;iisisted 
'9y the action of a coil spring, against, which the governor weights 
itvork at all times. An automatic spark advance may be obtained 
^rom 18-57 degrees with this construction. 

One of the most popnlar of high tension magnetos is /dio-wn in 
action at Fig. 256. This is of Bosch manufacture, and is known 
IS the D 4. The magnetic field is produced by the horseshoe mag- 
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nuts A, of compound form, which are attached to the pole pieces, 
the space between forming the armature tunnel, in which the 
double-woundhrmature B revolves. This carries a condenser, which 
turns with it, and also the rotating portions of the contact breaker. 
The armature is supported on ball bearings in order that it rotate 
freely. A small spur pinion, Q, is attached to the armature and 



Fig. 256.—Sectional View of Boscli Higb Tension Magneto. 


serves to revolve a larger spur gear, K, which drives the distribu¬ 
tor. The current generated in the armature winding is collected 
by the brush K, which bears against the insulator collector ring J 
which is mounted on an ebonite spool to prevent current leakage' 
From the brush K the current is conveyed by the connector L tc 
another brush, w'hicli is in contact with the current conveying pen¬ 
cil N, which delivers the electrical energy to the rotating distribu 
tor brush N. The rotating parts of the distributor are mounted oi 
ball bearings in order to eliminate troubles due to bearing depre 
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ciation. A safety spark {j[ap M is attached to the dust cover Zj the 
function of this device being to act as a safety valve for the ground¬ 
ing of any excess current, such as might be produce^ if the magneto 
was run without having the distributor connected with tlie spark 
piug. 

Tile arraugcujeiit of the distributor uiid the contact breaker 
inechauism is very clearly outlined at Fig. 257. The distributor, 
which is the upi>er portion, is employed in commutating the sec¬ 
ondary or liigh tension current only. The contact breaker or lower 
assembly breaks tlie j'riinary circuit. One end of tlie coarse w'ind- 
ing of llie magneto armature is led to the fixed contact member E 
by means of the screw plug T>, which serves to retain the contact 
breaker assembly to the armature shaft. The contact breaker cas¬ 
ing, whieli is capable of oscillation but not of rotating, carries the 
fiber eain rollers AV. As llie portion F of tlie contact bri'aker re¬ 
volves the toe ]«irtiou of the bell crank lever 0 is i)uslied up and 
in by the cam roller, this separating the contact point II from the 
fixed contact point carried by member E. Every tim^that the con¬ 
tact points separate a current of high ])otential is simt througli the 
connector member L and tlie conducting pencil N to the distribut¬ 
ing brush N. When the contact points separate this distributing 
brush should be bearing against one of the segments carried by llie 
distributor block 0, tliis being in turn connected to sockets at the 
top of the block in which the plug terminals V fit. The bell crank 
lever X} is kept pressed out by the flifc^spring I, which keeps the con¬ 
tact points together except at such times as thi*y are separated by 
the cam rollers Y. It Avill he seen by reference to Fig. 25C that as 
tlie disti’ibutor brush N is driven by positive stiur gearing that it 
must turn in an oi>positc direction to tlm armature and at just half 
the armature speed on account of the distrihutoi’ gear 11 bceiig 
twice the size of the ]nnioii Q. Tlie brush N is therefore revolved 
in definite tiniefl relation with a contact breaker assembly F and 
the armature B. It will take two revolutions of the armature to 
produce one revolution of the brush N. This means that the con¬ 
tact points separate each revolution of the armature and that the 
brush N makes contact with two of the distributor segments for 
each turn of the armature. 
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Fig. 257.-~Froiit View of Boscli Magneto Showing Arrangement of Con¬ 


tact Breaker and Diatrlbntor Mechanism. 
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Another form of Bosch magneto which is practically the same 
in general principles as that just described, except fpr slight dif¬ 
ferences in the contact breaker and distributor, is shown at Fig 
258. Tills is a smalh*r device, using two single liorseslioe magnets, 
and is intended for small engines up to 30 II.1*. Tlie bigger mag- 
'leto, with its tlirec compound magnets, is more! powerful aud will 



Fig. 258.—Sectional View of Bosch D U-4 Magneto. 


produce a hotter spark, such as is necessary to ignite the volume of 
gas in large cylinders. The Bosch DU-4 magneto contact breaker 
and distributor are clearly illustrated at A, Pig. 261. 

All magnetos do not liave rotating windings, three makes, the 
K-W, Splitdorf Dixie and the Homy utilize a fixed winding and ro¬ 
tary inductor, substantially as shown at top of Pig. 259. The 
inductor pieces are used to coTiduct the lines of magnetic energy 
througli the winding aud produce the current by cutting tlie turns 
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of wire. In the armature shown in the lover portion of Fig. 259 
the windings revolve in the magnetic field and generate the cur¬ 
rent. Another form of magneto which is used on but one make of 
car, tiic Ford, but which c*njoys a wide distribution, is shown at 
Fig. 2f)0 in coiinc'dion ^A■itI^ tho complete ignition system of the 
car. Sixteen coils of coarse conductor are carried by a fixed plate, 



Fig. 2S9.—Bemy Botaiy Inductor Using Fixed Windings at Top, Oon- 


▼entional Double Wound Armature witb Botatlng Windings at Bottom. 
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which is bolted to'^lie ongiuc cranlc case. A number of horseshoe 
magnets, not'showu in the illustration, are carried by tlie ends of 
the flywheel and revolve in front of the fixed coils, tlie space be¬ 
tween the magnet poles and the coih?s of the windings being just 
enough to provide clearance without danger of Idtting the mag¬ 
nets. Owing to tlie large number of magnets and coils employed, 
a very strong current is obtained, wliieli, while alternating ii» 
character, is used in the same way as battery current would be 



Fig. 260.—Diagram Showing Ford Magneto Ignition System. 

through four individual vibrator coils, which arc brought into 
circuit progressively by the rotary contact timer. 

The most popular form of magneto, if ono can judge by the 
numbers of manufacturers using it, is the true high tension type 
with the revolving winding, though tlic low tension type using 
transformer coils have also been used to a large extent. 

In case of trouble with a magneto tlie point to be determined, 
first of all, is whether the fault is with the current generator, if 
it is a true liigh tension form or in the plugs, or in the event of a 
transformer coil being employed, if that member i.s at fault. In 
cases where only one cylinder is firing irregularly the fault is very 







Magneto Faults 521 

likely to be with the spark plug iii that cyliriTdef*'^he common 
troubles of spark plufis «n(l the method of repaifiiig them have 
boon previously dcscribcul. After the spark plugs have received 
attention the eabJos must be tesleil to make sure that the insulation 
is not injured in any way or tliat llio metal terminals at the end 
of the cable do nut corue in contact with any metal parts o£ the 
motor or magneto. If the ignitioii fails suddenly, one can suspect 
a short circuit in the groumliiig cable, whieJi is enjuiected to the 
nut on the magneto contact break»'r and which servos for switching 
the ignition otf. Tins may,bo easily aseertainod by reiuoviiig the 
cable from the magneto and stving if its rcrjmval ciiablcs the mag¬ 
neto to run correctly. A spark lcai)irig the gaj) in tlie safjdy de- 



Fig. 260a.—Showing Colls and Magnets that Comprise Ford Magneto 
and their Belation to the Flywheel and Transmission Gear. 
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vice indicates a broken wire or one that has become disconnected 
cither from tlie plug tmoinal or from the distributor terminal. 

If the cables and plugs are in good condition and the engine 
works irregularly, it is apparent that the trouble is in tlie magnet 
if it is ail ignition fault. In event of this, the mast inj])nrtant thing 
to do is to make sure of the proper interruption of the primary cur¬ 
rent. The spring bolding tlie Ci>ver of the contact breaker in place 
should be moved sideways and the brass cover taken olf. It is then 
important to sec if the screw D, Fig. 257, is tight. If tins is found 
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Fig. 261.—lUufitratlng Methods of Adjusting and Caring for Magneto 

Contact Breakers. 
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to be set up properly ilie next thing is to make sure that the con¬ 
tact breaker points are in contact when the bell crank lever is out 
of contact with the cam in the sides of the breaker box in the .type 
DlT-4 or away from the fiber cam rollers in the type D-4. It is 
also iniportaiit tliat Ihe platinum points are separated by the proper 
distance, about .5 millimeter, w'hen the lover C F at A, Fig. 261, is 
in contact with the cam. If the points are too far ai)art they should 
be brought nearer tog(*thor hy loo.seuing tlio lock nut on. the ad¬ 
justing screw shown at C, Fig. 261, and screwing it up to lessen 
the dilleronce, or to screw it back and opt ii the gap if it is not suffi¬ 
cient. The jdatiimiu contact points luu.st also he cleaned, any dirt or 
oil la’ing easily removed, as sliown at Fig. 261, 11, by gasoline 
squirti d on tlioni from a small hand oil can. In o;ise the contacts 
are. uneven, jutted or hhicUcned, they must be smoothed w ith a jew¬ 
eler’s fine cut file. After continuejl use, if the jdatinum points 
jiave worn dow'u tin.* i)latinujn-pointed ser(;w niu.st he removed. It 
is also important to make sure tliat the high tension current col¬ 
lecting brush, K, Fig. 256, is in contact witli the collector ring, and 
that the cotulucting jicucil N makes i)roi)or contact with the brush, 
against which it bea)*s. This high tension collecting brush is indi¬ 
cated as P, and the collector riug as 0, in Fig. 208. The intcj’ior 
of the distributor must he clean and free of metallic or carbonaceous 
matter. The distributing brush must bear positively against the 
distributor section and the interior of the distributor shoidd be 
smooth and all contacts clean and bright. 

Mention has been previously made of making sure that the 
screw which keeps the contact breaker assembly in proper relation 
with the armature sliaft is tight, which calls for careful examina¬ 
tion. If this screw is loose, the contact breaker assembly will not 
move in proper timed relation with the armature; in fact, it may 
not move at all, which will prevent the contact point from separat¬ 
ing and which wdll also result in failure of the ignition. If every¬ 
thing appears to be all right about the magneto, the timing should 
be verified to make sure that the spark Is occurring at the right 
time in the engine cylinders. It is easy to tell if the magneto is 
producing a spark of proper intensity by uncoupling a spark plug 
conductor and holding it a short distance away, not more than 



524 


Automobile Repcdring Made Easy 




Fig. 262.^0atliDiiig Use of Gauges In Obtaining Correct Setting of 

Magneto Contact Breaker Points. 

from the torminnl. If a magneto is functioning properly a 
spark will jump the air gap thus created. 

At Fig. 261, D, the contact breaker and distributor construction 
of the Remy magneto is shown. It will be observed, in this case, 
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that the contact breaker .nssembly dot^s not rotate, as in tlie Bosch, 
but that a rotating two>point cam is attached to the armature shaft 
and interrupts the contact between tlie points P by bearing against 
the end of the bell crank CP. Tlie iiivstructions given for care of 
the Bosch magneto apply just as well to this device. Realizing the 
importance of having the gap between the contact breaker points 
of the proper amount, the magneto manufacturers furnish gauges 
which are to be used fop testing this gap. That shown at Fig. 
262, A, is for use with the Kisemann magneto. With the contact 
breaker removed, as indicated at B, the contact points C‘4 sliould 
be together as Indicated. WlieJi the gauge is inserted in*thc hole 
C-7 it will indicate the eorreet am<mnt the point should be sepa¬ 
rated. The gang** at Fig. 262, (’. i.s merely a piece of thin .sheet 
steel of the jiroper thickness wliieli is used as indicated when the 
points anj sej»arated’by the t»ell crank lever riding on the cam block. 

Recharging Weak Magnets.—After a high tension magneto 
has been in use for a time tla^ iriagiiets lose their strength and it 
is necessaj'y to recharge tln*m in ordiO' to restore the magneto to 
its full efiieieney. Wiieii magnets am weak tlie resulting secondary 
spark will also he weak and tlie motor will not run regularly, no 
nmlter how carefully the device is adjusted. If the motor does run 
without misfiring it will not develop its full jmwer if the magnets 
arc weak. An electro-magnet designed to operate on 110-volt cur¬ 
rent is shown at Fig. 26*1, A. Tlie core is of soft iron, 1" in di¬ 
ameter and Si j" long. They arc drilled at the bottom for a retain¬ 
ing screw; which is intended to keep tliem in eoiiluct with a base 
jilate of steel 4j.<"x0". Two blocks of steel l;J4^'x2"x4" are 
drilled to receive the cores, and have set serew's in the side so they 
can be clamped tiglitly against the core to form polepieces, A 
brass tube about thick at the aide, having flanges at each end 
projecting over to hold fiber insulaliug i^lates as shown, may be 
turned to the dimensions indicated in a lathe or may be made up 
of sheet stock if desired. Tlie hole through the center of the brass 
spool is of such size as to permit the core to fit freely in its interior. 
Besides this equipment, 22 lbs. of No. 20 B. & B. gauge insulated 
copper wire will be needed. Eleven pounds is W'ound around each 
brass tube, winding one coil in one direction and the other the 
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Fig. 263.-~l>eflniiig OonBtractlon of Magnets for Bemagnetlsing Magneto 

Field Members. 

opposite way. Leave about 6" of wire when starting to wind the 
eoil in order to make a connection between them. After both coils 
have been wound shellac them thoroughly and wind insulating tape 
over the outside. The cores are then fastened to the iron base 
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plato, tlie coils arc slipped over tlic cores and the pole i>icces at-* 
tached to keep the coils in place. The view of the completed niag- 
tu*t is clearly shown in the assembly depicted at Fig. 263, A. This 
can only be used with 110 volts direct enrrent. 

Before recharging the g(!nerator magnet it is important tt) test 
the i)olarity of the cleclro-iiiagiiet, as llie north pole of the magnet 
lo he cliarged rmist bo broiiglit in contact with the south pole of 
the ele(‘tro-niagn(^t and vice versa. It is not difllcndt to ascertain 
the polarity hy using an ordinary ccanpass or magnetic needle, the 
nmrked pole of which will point toward the north. Once the 
j)olarity lias been d<d(‘rmiiied the i>oJes may ho marked in any de¬ 
sired way, usually by slam])mg the norih {sde N and the south 
pole S. Another magnet-charging <levi«'.e, M’liieh was descril>ed in 
the Cominereial Mtdor, utilizes storage halleries as a source of 
magnetizing current.. The magnets arc composed oC .soft iron core 
pieces about 6" long and 1" in diameter. The base is constructed 
of mild steel }date, the cores being fasteju'd io the plates by screws 
or by turning down the end of the core and threading it to fit the 
liole in the base plate. Before screwing d(»wn the core pieces they 
are w'ound with No. 22 gauge insulated wire, the ends being left 
free. The wires are coniu'cted up to a pair of .storage batteries, as 
shown, and llu' latter are so eonneete<l up that the polarity of the 
soft iron cores are north and south respectively. Enough of the 
wire is wound on to liave coils of about 2" in diameter. If the 
core shows signs of overheating, low-voltage lamps should be placed 
in the circuit to introduee some resistance. Tim voltage of the lamp 
to be used depends entirely upon the voltage of the battery used 
to (iflergize the magnet. It is staled that the magnets will be 
charged if they arc merely placed in contact with the energized 
cores until they lniv(‘ absorbof.l sulTieh nt niagnotism to enable them 
to sTistain a wcigiit of lU lbs. after which they are ready to be 
replaced on the magneto. 

The illustration at C, Fig. 263, shows the Seanor garage mag¬ 
net charging outfit, wdiich is claimed to charge the magnet in one 
minute. Prom the exterior view of the device it W'ill be evident 
that it consists of a base upon which arc mounted two solenoid 
coils carried in square boxes. The magnets to be charged are 
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Krled through the center of these coils during the energizing 
process. In order to accommodate a horseshoe magnet of any 
spread, one of the coil boxes is mounted so the distance between the 
two openings is altered if desired. As ordinarily constructed, the 
windings are wound for 6 volts and 20 amperes. In charging a 
magnet the ends of the horseshoe arc brought up against an iron 
core of the coil in such position tliat the magnet is attracted and 
not repelled hy the core. The magnet Ls llu'u pushed through the 
apertures in the centers of the coil boxes, taking the place of the 
iron core, which is slowly puslied out. The current is tlien con- 
nected for merely the length of time required in touching one of 
the terminals of the wire to the binding post two or three times. A 
keeper is then laid across the part of the magnet arch wliich j)ro- 
jects beyond the coil boxes, and with the keeper still in plai.'e llie 
magnet is replaced on the magneto. It is stated that a freshly 
charged Tungsten steel magnet of a large magneto will lift in the 
neighborhood of 20 lbs. as ordinarily energized by the magneto 
manufacturer. It is stated that with this device the magnet pull 
can be increased to 110 lbs., which, of course, uieaiis a stronger mag¬ 
netic field when reassembled on the magneto. 

Transformer Coil Magneto Systems.—Methods of wiring typi¬ 
cal transformer coil magneto systems arc shown at Figs. 204 to 206, 
inclusive. At Fig. 264 all the parts of a syslom of tliis nature are 
clearly shown, and the wiring may he readily traced from the mag¬ 
neto or battery to the coil. It w'ill be apparent that at the bottom 
of the single unit coil there arc four primary terminals and mic 
secondary terminal. A high tension cable runs from the W'cond- 
ary terminal, whicli is protected by an insulating member to the 
central distributing terminal on the face of the distributor. The 
terminal marked “Bat.*^ is attached to the carbjm of a 5 dry-cell 
battery, while the zinc terminal of the series is connected with a 
terminal marked “Int.*^ and “Bat.’’ From this same terminal a 
wire runs to the terminal on the side of the contact breaker. The 
terminal on the face of the contact breaker is coupled to the coil 
terminal marked “Mag.*' A terminal on the coil marked “Grd.** 
is attached to the grounding terminal on the magnclo contact 
breaker. With this system, when the switch lever is pushed over 
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to the side marked “Bat.,*' tlie current from the dry cell battery 
is conveyed to the magneto interrupter, from which it is led to tlie 
primary winding of the coil. The secondary current is distributed 
by means of the magneto distributor to the spark plugs in proper 
firing order. When the switch lever is shifted to the other side 



Fig. 264.—Typical Transformer Coil Magneto Ignition System for Four 

Cylinder Engines. 


of the switch, which is marked “Mag.,” the current for ignition is 
obtained from tlie magneto armature instead of the battery. 

Two of the Splitdorf ignition systems are shown at Fig. 265, 
that at A being used in connection with a round type dash coil, 
while that at B is employed with a square type dash coil. The 
coil at A has but six terminals, that at B has seven terminals. In 
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the coil at A the cantor fenninal is used for the high tension cur¬ 
rent and is connected to the central terminal of the magneto dis¬ 
tributor. Terminal A of the coil runs to lermiual A on the mag¬ 
neto contact breaker Face. The wire marked “2’’ runs to the 
terminal on the .si<le of the contact breaker. A wire joins terminal 
^*3*' on the coil with the grounding terminal “3*^ on the magneto. 



ng. 266.—^Wiring Dlagrama, Showing Application of Splitdorf Tranfl* 

former Coll Magneto Byatem. 
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Tlio two remaining terminals of the coil, which arc below the sec¬ 
ondary terminals, are joined to the battery, which is convention¬ 
alized for the sake of simplicity. Tn the system shown at Fig. 
2()5, B, tlie terminals on the magneto and those on the coil arc likc- 
w’ise numbered, and there should be no difficulty in tracing these 
and making the proper connections if this diagram is used as a 
guide. 

The Remy transformer coil system is shown at Fig. 266,. the ap¬ 
pearance and dimensions of the dasli coil and the method of instal¬ 
lation are clearly shown at A. It will be observed that at one end 
of the coil there arc two toriiiinals, one marked *‘Bat.,” the other 
which arc wired to the dry cell battery, as sliown. On the 
back of the coil is the secondary terminal, clearly outlined at B, 
which runs to the center of the distributor. The magneto shown 
is intended for six cylinder ignition and therefore has six distribut¬ 
ing terminals, to be connected with an equivalent number of spark 
plugs. In order to’ simplify the wiring when the Kemy sy.stem ia 
employed, tlic primary wire group, which consists of three wires, 
has the insulation of eacli conductor a different color. One is yel¬ 
low, one green, and the remaining one red. The red wdre, which is. 
attached to the grounding terminal on the magneto base, goes to- 
the center terminal on the side of tlie coil that has the three pri¬ 
mary terminals and which is shown at B. This would be the right 
side if viewed from the front, while the battery terminals are on 
the left side, if Ibe coil is looked at from the switch end. The yel¬ 
low wire is connected to the contact screw on the breaker box and 
goes to the terminal on the side of the coil nearest the dash. The 
green wire runs from the screw on the magneto base to the remain¬ 
ing terminal on the coil. 

Dual Magneto Systems. —When the high tension magneto was 
first introduced it was looked upon in some quarters by conserva¬ 
tive manufacturers and motorists with some degree of suspicion, as 
its reliability had not been thoroughly established. Sometimes diffi¬ 
culty was experienced in starting a large engine directly from the- 
magneto because it could not be turned over fast enough with the 
hand crank to turn the magneto armature at sufficient speed to 
produce a strong spark. In order to provide an emergency sys- 
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tern of ignition and ono that could be used for starting, the mak¬ 
ers of high tension magnetos evolved what arc termed ‘‘dual sys¬ 
tems/’ The magneto utilized is j)raetiea]ly the same as that used 
ill the simple high tension systems, exeejd that the contact breaker 
had a battery tinier added which was used to interrupt a battery 
current. Tlie reason for adding Hie battery timer and not using the 
inagm to contaet breaker was Ibat a sburt eontaet was necessary to 
obtain satisfaetory operation from batteries, wliicb the regular 
magneto eontaet tweaker diil not furnisb. As tlio writer has pre¬ 
viously ex])laiiie*(l, llu* jioiiits of a luagnelo eontaet breaker are kept 
in eontaet until interruiited liy Hie earn. If these were used on a 
battery the eiinvnt would bt‘ Ilowing tlirongb them all the time 
tliey were iii I'ontaet, Avhi<*h would produce current waste. "With 
11 h^ battery tinier iiieoi'porat<*d on Hie contaet, lireaker the circuit is 
establislied only at ilie instant the spark is iieetled in the eylinder. 
The systems sliown at Tig. 2b7 are of Simms design, the oidy dif¬ 
ference being in Hie number of terminals provided on Hie coil. 
In the .system at A four li'rminals are used. In that at Tl, but llirco 
arc emjdoyiMl. The only din'erenee in the wiring is the conneetions 
<ii’ Hie battery terminals. On the four terminal enil-s two of these 
are .joinc‘d to the balH'ry. On Hn* Ihne-terininal coil the wire that 
runs to point 1 of Hie magnelo, as slmwu at B, also is joined to the 
positive terminal of tlie .storage buttery. 

Tile Bo.seli Dual sy.stmn, which is shown at Fig. 2d8, has six 
terminals on the, back mnl of the coil. Tin* coil is attached to the 
dashboard,'as indicated, in the upper right liand corner, and car¬ 
ries the switch and the starting button on its fu^e. The coil is of 
the vibrator type. The terminals are all numbered and the wiring 
may be readily traced, as the points to wliieliTliey connect on the 
magneto arc numbered to corresjumd. In this system, instead of 
using the usual high leu.sion pencil coiinectiiig the collector brush 
to the center of the distributor, the high tension brush terminal 3 
is joined to a terminal on the spark coil, while terminal 4 of the 
spark coil is joined to the central distributing brush 4 of the mag¬ 
neto. Terminal 6 of the coil is grounded, terminal 5 of the coil 
runs to one of tlie battery terminals, the other one being grounded. 
This leaves terminals 1 and 2 on the coil, No. 1 being connected to 
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Fig. 267.—^Wiring True High Tension Magneto to Obtain Dual Ignition 

System. 
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ii tenuiiial at the sidu of tlie battery contact breaker, while terminal 
No. 2 attaches to a lerrninal on the side of the magneto contact 
breaker. With a system of this kind or with either of those shown 
at Fig. 267, it is ])ossihle to short circuit the coil by pressing in 
on a starting button, wliich makes tlie vibrator buzz even if the 
primary contact breaker on the iiuignelo is not making contact. 
This permits of starting the engine directly on the spark when 



Fig. 268.—Tbe Bosch Dual System. 


they are of the four or six cylinder form, providing they have not 
been stopped long enough for tlie gas to leave the cylinders. 

Master Vibrator Ignition Systems.—Practically the only car 
at the present time using the individual unit system of ignition is 
tho Ford, the complete wiring diagram of which is clearly shown 
at Pig. 270, in the relation the parts actually occupy in the car. 
It will be observed that the induction coil has ten terminals, six 
of these being for the primary circuit and four for tbe. secondary 
wires. The upper terminals of the coil are primaiy and run to 
the timer segments. The four secondary terminals are connected 
to the spark plugs as indicated, while the remaining two terminals, 
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which are at the bottom of tlic coil, are joined to the magneto 
terminal and to the battery respectively. In the system outlined 
each coil has a si'paralc vibrator. 

Many Ford cars Iiavc been supplied with what is known as a 
master vibrator, whicli is a magTieti<* circuit breaker intended to 
perform that function for all of the coils. It is claimed that a de¬ 
vice of this characdor produce’s syncliroiiism of the ignition spark, 
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Fig. 269.—Method of Using Master Vibrator in Connection with Four 

Unit CoU. 


./hich is not possible to obtain w'herc four separate vibrators are 
used on account of some of these being tuned up faster than the 
others. It is contended that this makes a sinoothcr-runniug engine 
and one delivering more power. X master vibrator unit that en¬ 
joys wide sale is of K-W maiinfaeiur<‘ and is designed especially for 
use with Ford cal’s. The method of wiring the vibrator is clearly 
outlined in the upper left hand corner at Fig. 269. As the vibra¬ 
tor unit carries a switch on its face, it has three terminals at the 
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bottom, the center one of which is connected to one of the regular 
terminals of the spark coil, leaving the other one blank. One of 
the outside terminals of the master vibrator is coupled to the mag- 
ncto, the other to a battery. The switch of the main coil is used 
only on one contact l)iittoii, and may be h^ft on that button, as the 
battery or magneto iiiay be thrown in eireuit at will i)y the switch 



rig. 270.- Tho Ford Ignition System. 

on the master vibrator coil. It is necessary to short circuit the 
regular vibratois in order to imt them ont of commiasion. This 
is done by running a wire between the vibrator springs and the 
bridge carrying one of the contact points, as show'n at the bottom of 
Fig. 269, Another melhcKl of short circuiting the vibrator is to 
keep the points in contact by wedging a piece of w’ood, rubber or 
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Fig. 271.—Wiring Diagram of Triple Ignition System Used on Six Cylinder Motor. 
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cardboard under tbe vibrator spring between the core of the coil 
and the vibrator. Keeping the points in eouj;act in this manner is 
equivalent to short circuiting tlioni by tlie wire shunt. 

'When but one vibrator is used the contact points must be made 
larger than those on the Individual vibrators, because it does four 
times us much work. The conslniction of tlio K-W vibrator is 
clearly sliown at Fig. 209, and in view of tlie instructions that have 
been previously given for the care and adjustment of these devices 
it is not necessary to describe its construction. The instructions 
given for adjusting the .vibrator arc very simple, it being merely 
necessary to observe il’ there is a space of inch between the 
platinum contact j^oiiits wlicri the vibrator spring is held down 
firmly on the iron core. A gauge made of inch thick steel may 
be placed between the contact points until tlic adjusting screw is 
screwed down to a point where tlie gauge can ho juilled out with¬ 
out much trouble. This will give the proper distauoe for the arma¬ 
ture or bottom spring to travel. 

Double and Triple Ignition Methods.—Tlicre are many cars 
ill operation to-day which utilize double and triple ignition sys¬ 
tems. On some of th(;sc it is possible (o have three practically iii' 
dependent means of sujiplytng the ignition spark. As will be ap¬ 
parent, the wiring of a triple ignition system is apt to be much 
more compfex than that of the simpler methods now in vogue. In 
the ignition system outlined at Fig. 271, which has been used on a 
six cylinder car, it will lie evident that in addition to tlie usual 
Bosch D-6' dual magneto an entirely independent individual spark 
coil and baltery timer system is inclmbMl. Twi’ sets of plugs are 
used, one serving both magnido distribnior systems, wliile the other 
is connected to the intlividual coil units. The connections of the 
magneto system are no dificrent than in the regular dual system 
previously described, while those of the battery and coil may be 
easily determined by a close study of the diagram. The primary 
timer has six contacts, one of which serves each ignition coil. As 
the firing order of this engine is 1-5-3-0-2-4, the wires from the 
timer must run to the individual unit coils in the same order so 
as to have the cylinders fire in proper sequence. For example, 
the wire from the contact No. 1 of the timer runs to coil No. 1, 
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next in order is eontact No. 5, whicU is wired to coil unit No. 5. 
Following this comes timer contact No. 3, which supplies current 
to coil No. 3. While the individual spark coils are connected in 
order, i.e., coil No. 1 is joined to spark plug and cylin<ler No. 1, coil 
No. 2 to spark plug and cylinder No. 2, and so on the timer con¬ 
tact must be numbered according to tbe firing order. It will be 
apparent that two sources of ignition current are j»rovidC(l for the 
hatlery and coil systtniis, one being a storage battery, the oilier a 
set of dry cells. 



Fig. 272.—Wiring Diagram of Double Ignition System at A; of Triple 
Ignition System at B, both for'Tour Cylinder Engines. 
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Two Spark Ignition 

A cloubli' ignition system iji which a true high tension magneto 
is used and a four niiit vibrator coil and four point timer is shown 
at A, Fig. 272. This ignition system is for a four-cylinclor motor 
having a firing order of 1——4—2. At B, Fig. 272, a triple igni¬ 
tion system for a foui-oyliiidcr engine is shown, this being praC'- 
ficNilIy the same as llmt outlined at Fig. 27J, except that* tho 
wiring diagram is somewhat simpler owing to the lesser number 
of cylinders. TJie advantHge of a double ignition system, is that 
one can determine if irregular engine oi)eralinn is due to the igni¬ 
tion .system or not very easily by runTiing the engine fii*st on one 
system, then on the otlier. If the engine runs as it sliould on the 
battery system a Tier it bas been misfiring on th<* magneto it is 
reasonable to assume that some portion of llu! magneto system is 
not fiinelioning pni]K‘rly. If the engine runs well on the magneto, 
but not on the battery, tJio trouble nuiy be ascj’ibed to failure in 
the chemicHl emrent pnulueer or its auxiliary devices. On the 
other hand, if tlm <!Ugine does Jiot run well on either ignition 
.systems, it-is fair to assume that, the trouble is not due to faulty 
ignition. 

Two Spark Ignition.—Most racing and a few ph^asure cars 
have heon e((uii)ped with two st>ark tnagneto Ignilioii systems, the 
idea l>eing to secure greater power and .speed due to the use. of 
two spark i>liJgs in the cylinder. AVhile systems of this kind arc 
rare, it niaj' he w-ell for the r(?j>airnian to beeonie familiar with the 
principles involvfjd in case he should over !k‘ called upon to install 
ii two spark magneto nr to make repairs on .some speedster model 
KO eipiipped. When a magneto is employed in comieetion with two 
spark ignition it is comnum j^ractieo to pi’o\'ido two separate dis¬ 
tributors and in some eases a double wound armature liaving two 
sets of windings served l)y a common c()nta(;t breaker. In the 
.system shown at A. Fig. 273, a two 8i>ark Tiiagneto is employed 
in connection with the simple dash switch wired as indicated, by 
which one may obtain the use of but one spark with the sw’itch 
lever in the position show-n and the double spark if the switch lever 
is rocked to the other extreme, or on the lino marked If 

the lever is swung to the left or on a line with that indicated 
“0/^ no spark will pass through the engine, as Jhe magneto w’ill 
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hi3 grounded. Tlic system outlined at T> is that of a two spark 
luogiicto that cuii bt* used in counuctioii with a 'vibmlor coil and 
battery, as in the dual .system previously described. In addition’ 
to the switch on the coil, a two point switch is placed on the dash 
in Older to obtain single or double spark ignition as desired. 



Tig. 273.—Outlining Use of Two Spark High Tension Magneto. 

■'Timing Battery Ignition Systems.— In timing a motor using a 
battery ignition system with individual vibrator coils to supply 
the current to respective cylinders, the first thing to ascertain is 
the firing order of the engine to be timed. The diagram, Pig. 274, 
shows all'components of a battery ignition system, also a sectional 
view of one of the cylinders of the engine, showing the position 
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of the piston when the spark should occur in the cylinder with 
the primary timer fully advanced. AVhen the primary timer is 
fully retarded tlic spark will take place after the piston has reached 
tlie top of its stroke and lias started to go down on tlic explosion 
•stroke. The four unit si)ark coil lias a two i)oint switch on its 
face and has ten torniinals. Four of tlicse wlucli arc protected 
l>y heavy insulators or Imshiugs of hard rubber rim to the spark 
jdugs as indicated. Tliese are the sccomlury terminals. The 
two primary terminals under the switch are eoiineoted to the posi¬ 
tive poles of the dry cell and storage batteries respectively, the 
JM'gative teniiinals of the two batteries ))eiiig joined together by a 
eoinmon wire and grounded. Tins leaves four primary leads which 
go to insiilat<‘d terminals connecting witli the segmenls of the 
timer. 

The method of timing an engine is A'ery simple. The spark 
advance lever on tlie steering wheel is advanced fully. The inlet 
valve of cylinder No. 1 is watched as the engine is turned by the 
hand crank. Just after the inlet valve closes whicli indicates tliat 
the piston has started to go up on its compression stroke the piston 
travel may be gauged accurately as it moves up by the timing rod 
inserted llirough a petcock in tlm lop of the cylinder or through 
a valve cap opening. If the engine is not provided with a relief 
cock or spark plug that will permit the use of the gauge rod, the 
flywheel markings may be utilized to determine the center corre¬ 
sponding to the end of the piston upward movement. The vibrator 
of coil connected to cylinder No. 1 should begin to buzz with the 
timer casing in full advanced position before thi piston reaches 
the end of its upward stroke. The amount of crankshaft travel 
is about 30 degrees from the point where the spark takes place to 
that where the piston reaches the top of its stroke. If the timer 
casing is set in full retard position the spark should take place 
30 degrees pf the crankshaft travel after the piston has left the 
end of its compression stroke. Some engines have the spark set 
45 degrees advance. With the spark advance lever set about half 
way of its travel the spark may be made to occur just when the 
piston reaches the end of its compression stroke, or on top center. 
It is necessary to provide a wider range of spark advance on a 
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battery and coil ignition system than when a magneto is used, as 
it is said that a range of advance of 60 degrees is sufficient for 
four-cylinder motors and 27 degrees for six-eylindcr motors with 
magneto ignition. 

In timing a strange ear it is easy to tell whether the movement 
of the spark lover advances or retards the timer ease by noting 
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Fig. 274.—Diagram Showing Method of Timing Four Cylinder Battery 
'' Ignition System. 

the direction of movement of that member. If the spark advance 
lever is pushed in a certain direction, say from tlie point on the 
sector nearest the driver to the other extreme, and the segments 
on the timer move to meet the advancing contact roller, it is eyi- 
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dont tliat a movemont of the spark advance lever from front to 
roar advances the ignition. If tlie timer case oscillates so the 
segment moves away from the advancing contact roller, that move¬ 
ment of the spark lever retards the ignition, Tn most timers the 
rotating contaet member is ffistenod to the sliaft in such a way 
that it may he iii(»ved independent of engine rotation, if desired, 
)>y releasing the fastening. Sometimes it is held on a tapered 
shilft by a claiupiiig nut, in other coiiatnicliuns it is drivru by a 
hollow shaft which, is set screwed to the timer driving .shaft the 
])Osition of which can he ehaiigc’d as desired. In every case the 
roller should bo set in eontaet with the segments joined to coil 
unft No, 1, tlie remaining lerniinals being wired aeeording to the 
firing order a)id the direction of rotation of the tijuer brush. In 
the diagram now under discussion after the, roller leaves unit No. 1 
segment it will go to that in eoiiiiectioii with unit No. 2, then to 
tile one joined to unit No. 4, and finaUy to the terminal conveying 
the electrical current to ujiit No. .‘1. This means that the plug in 
e.ylimler No. 1 fires first, followed by those in cylinders 2, 4, 3, 
in llio order named. AVitli tlie switch lever in the. position shown 
or betwcmi the two eonlact huPou.s, tlie ignitmn is inti*rruptcd 
and buttery current cannot flow to the eoii unit. If tlic .switch 
lever is moved to tlie button on tlie right marked ‘’storage bat¬ 
tery,” the secondary currcuit jirodueer will funiisli ignition. If 
moved to the buHon on, the left, the dry cells will be lironglit into 
action. The same ractlioil is employed iii timing a two, three or 
six-C' 3 'linder motor, the only precaution to be olisirved being to 
run the wires from the timer to the coils so the c^lindcrsj will fire 
in jiropcr order. 

At one time secondary distributor systems using a single unit 
vibrator coil t*or firing a multiple cylinder engine were very popu¬ 
lar, but at tlic present time fewr cars use the long contact timer 
and distributor oonibinatiou. Tim inoderii cal’s tliat employ battery 
ignition use a short contact timer and a non-vibrator coil unit. 
Popular systems of this nature are the Atwator-Kcnt and the 
Delco, both of which have been previously described. Practically 
the same method of timing is employed witJi these systems except 
that there is but one primary terminal on the contact breaker por- 
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tion of the distributor wliich is joined to the corresponding ter¬ 
minal of the spark coil. A proper distribution of current to the 
cylinders is made by connecting the distributing terminals, to the 
plugs jn proper firing order, same as advised ■with a magneto. 
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tPig. 275.—Dlagrun Showing Method of Timing Four Cinder l yt gih 

Tension Magneto Ignition System. 

Timing JAagneto Ignition Systems.—An ideal method of mag¬ 
neto placing and one follo'wed by a large number of manufacturers 



























Timing Magneto Ignition Syntema d47 

is shown at Pig. 275. In this the device is fitted to a four-cylinder 
engine, and as the armature must be driven at the same speed as 
the crankshaft, it is necessary to use but one extra gear, that being 
tlie same size as the engine shaft pinion and driven by the cam- 
shaft speed reduction gear. Incidentally, the sketch illustrates the 
best method of timing the magneto, which is one of the direct 
high-tension type. The position of the various parts is clearly' 
shown. Having fixed the magneto to the engine crankcase, the 
driving pinion, or one of the members of a flange or Oldham 
coupling, is put loosely on the tapered cud of the armature shaft, 
and the cover to the distributor and the dust cover of the contact 
breaker arc removed to allow one to control the position of the 
armature. Tiie motor i.s Jiow turned over by Jiand so the piston 
in the first cylinder is at ^op center, which can he determined 
either by watching the crankshaft through a suitable Apeniug in 
the engine base, by reading the marks on the flywheel rim, or by 
inserting a wire thi’oiigh a eomi»reasion relief pe.leoek or spark 
plug hole, if either of tliese is at llie top of the cylinder. 

The armature of the juagneto is Ihon brought to the position 
indieated in sketch, which represents the fitting of a magneto 
that is turning clockwise when viewed from the driving end. The 
distance between the end of the armature and the pole piece should 
be between 34 and 17 mm or belwtjcn .5511 iiicli and .6692 inch. 
This represents au advance of about .5 inch on a motor with a five- 
inch stroke. A graphic chart, prepared by the Bosch CWpany 
and reproduced at Pig. 21^3, shows the I’clation between piston 
travel and crankshaft movt'jjjcnt for engines of d ffereiit strokes 
very clearly. Tlie arijiature is luicovj'rcd ]>y reiuoving the flat 
casing cover lying between the horseshoe magnets, tiiis often carry¬ 
ing the safety spark gap (as shown at 1‘^igR. 256 and 258), and 
normally serving as a lid. TC eailier timijig ))c desired for any 
special purpose the gap may he widened a trifle, if it be thought 
the timing is too far advanced, the gap may be h*sscned. The 
contact breaker is fully advanced at this time and the contact 
points are just about to separate. Having placed everything in 
position as described, tighten the coupling on the taper shaft and 
ream out for a small taper pin. 
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Fig. 276—Firing Orders of Typical Bigbt Cylinder V Bnglnes. 






Pisiofli Travel In inches 
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. Fig. 277,—Chart Showing Piston Travel to Correspond to Different 
Degrees of Spark Advance for Motors of Various Strokes. 


Advance iip degrees 














Fig. 2^4.—At Top, Showing Methods of Timing Bosch High Tension 
" when Botated in Either Direction. At Bottom, 81mplifir| 

Wiring Diagram of Bosch High Tension Ignition System. J 
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Timing Ignition Systems 

•The connections to the various cylinders must be mftde in the 
r rder they fire (see following tabulation). When the cover to the 
ilish'ibutor is off, see at which segment the brush is contacting. 
‘TI)e wire to the spark plug in the first cylinder is then led to the 
'terminal corresponding to this segment. Then the plug in the 
t 'ylindcr that is next to fire is eouplpd to the next segment, and 
;o on. The numbers on the distributor show the ordpr in which 
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Left Hand Magneto. 

Looking at Machine from Driving 
End. Point! (S) about to Open ai 
Armature Core leavea Pole Piece 
about 1 / 16 ", Segment just under Brush. 



Right Hand Magneto. 

Looking at Machine from Driving 
End. Points (S) about le Open aa 
Armature Core leavea P.de Piece 
about 1/16", Segment just under Brush. 


Fig. 279.~Showlng Methods of Timing SpUtdorf Magneto. 


ie various contacts are brought in contact with the rotating dis- 
L’ibutmg brush, and not that in which the cylinders fire. In the 
}‘etch the cylinders fire 1—2—4—3, Therefore, the segment num- 
r 3 is coupled to the plug in cylinder 4, and the segment 4 is 
jnnected to the plug in cylinder 3, which is thus the last to fire 
if the explosion takes place first in cylinder 1. The direction of 
the distributor brush rotation, if driven by the usual form of gear- 
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ing, is opposite to that of the magneto armature. Obviously, if 
one cylinder is timed correctly, the remaining members will also 
fire at the proper time in the cycle of operations. The positions 
of the armature, distributing brush, contact breaker cam and 
piston arc easily ascertained by inspection of drawing. 


Distributer Terminals 


BrakKer _ , 
Cbntact Screw 



Distributer 


Cam house 


Brtbker 


CMn 


Fig. 280.—Front View of Bemy Magneto, Showing Construction of Dis¬ 
tributor and Contact Breaker. 


Firing Order of Typical Engines.—The following information-^ 
Jj^lative to timing of leading 1914 and 1915 models of American 
^i^enufactiire will prove of great value to the repairman called 
upon to repair many different makes of cars. It is well to remem- 
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Firing Order of Typical Engines 

ber, if the firing order is not known, that it can be easily determined 
by following the inlet valve movements in the cylinders and noting 
the order of opening of these members. 

ABTJOTT-DETHOTT. 

34-40 AND 44-50— Fibing Ordkk 1-3-4-2. 

Bklle Tslk—F iBir^u Obdkk l_5-3-t»-2-4. 

Maguoto Betting—Piston (load centre, lover fully retarded. Full advance, 
spark occurs with crankshaft 13 degrees ahead of den<l oentro. Contact 
point gap .OlH inch. 

ALLEN. 

40—Fibing Order 1-2-4-8. 

Jlnguctu Botting--Pistou top dead centre, lo%or fullv retarded. 


AMERICAN. 

Si'r)i;T—F iring Ohdkr 1-3-4-2. 

044. 040 .\NU 000—Firing OKuni l-r»-3-0 2-1. 

Magneto Bolting—Three-quarter iiudi after dead oi'ntre ou fiywlieel. 

ARBENZ. 

Firing Oruhr 1-3_4-2. 

Magneto Setting—Piston .03125 iu(*h late, lever fully retarded. 

AUBURN. 

4-40 AND 4-41—Firing Ordi-ir 1-3-4-2. 

Magneto Betting—Piston .03135 inch late, lever fully retarded. 

C-46 AND 6-45—Firing Order 1-4-2-0-3-5. 

Magneto Setting—Piston top dead centre, lever fully retarded. 

BUTGK. 

B 24, 25, 36, 37 and 38—Firing Order 1-.3-4-2. 

Dclco—With timer cam fully retarded, spark occurs 40 degrees past 
Supper dead centre on firing stroke. With hand spark lever half-way ad* 
vanced, spark occurs at approximately top dead eontro. 

B 55—Firing Order l_4-2-fi-3-6. 

Dclco—Piston dead centre with timer fully retarded. 

t 
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CASE. 

25 R AND 35 S—Fibznq Obdeb 1-3-4>2. 

Magneto Setting—One thirty-second inch before top dead centre. 

40 O—Fibino Obdeb 1-3-4-2. 

Mflgneto Setting—One-slsrtooDth inch after top dead centre. 

CHALMERS. 

24—Firing Okoeb 1-4-2-G-3-5. 

Magneto Setting—One and one-half inches past centre, lever fully re¬ 
tarded, 

CHANDLER. 

Six—F iring Order l-5-3-tJ-2-4. 

Magneto Setting—Piston dead centre, lever fully retarded. 

COLE. 

FoxfR —Firing Obdkb 1-3-4-2. 

Six — FiBiNu Order l_5-.1-d-2-4. 

Delco—Piston dead centre, distributor fully retarded. 

CONTINENTAL. 

27— Firing Order 1.5-4-2. 

Magneto Setting—^Three-quarter inch after dead centre on flywheel. 

GLIDE. 

30 AND 30—Firing Order 1-3-4-2. 

Westinghouse—Piston top dead centre. 

GRANT. 

M— Firing Order 1-3-4-2. 

Magneto Setting—Lever fully advanced, piston .3125 inch before top 
dead centre. 

* HAYNES. 

28— Firing Order 1_3-4_2. 

Magneto Sotting—One sixty-fourth inch advanced on down stroke. 

. 20 and 27—Firing Order 1-4-2-(V-3-3. 

'' e * 

” Setting—One sixty-fourth inch advanced on down stroke. 



Firing Order of Typical tUngines oob 

HUDSON. 

C-40 AND G-64—b'lBiiNC Obder 1-6-3-6-2-4. 


ilUPMOHILK. 

32—Kibing Order 1-2-4JI. 

MagiK^fo Setting—Piston dead centre, lever fully retarded. 

LMPRKIAL. 

34 F 11. 32 .VXD 34 4 M—l''iRi\n Orokb 1-2-4~3. 

54 AND 44-0— Firing Ob/u-jr l_5-.3-r»_2-4. 
Magneto Setting—J^oints break witli piston on doa<l cenirc. 

I N'l'KR-STATK 
45—Fini.v<; Ordku I.-5-.3-0-2-4. 


JACKSON. 

■Majk-stic AM) Oi-YMi'ic—FiRrxi:’ Order 1-3-4-2. 
Magneto Setting—Piston .125 ineb before top centre. 

Siii.TAXi.c—F iring Order 1_5-.3-G-2-4. 
l^Fagneto Setting—I’iston .12:) inoli before top centre. 


JKFFKPY. 

03 —Firing Order 113-4-2. 

OG—Firing Order 1-4-2-(1-3-5. 
Magneto Setting—Piston <lo.'id ecutre. lever fully retarded. 


KKF.TON. 

F—Firing Order 1-5-3.0-2-4. 

Ifagneto Setting—Points hrealc 6.5 degrees before ce.ntre. 

KING. 

B—Firing Order 1-3-4-2. 

Magneto Setting—Points break with lever fully retarded from centre 
0 .5 inch past on flywheel. 

KNOX. 

44 AND 45—Ftbing Obder l-S-4-2. 

Magneto Setting—^Platon .75 inch before top centre, lever fully re- 
arded. Battery, pieton .375 inch before top centre. 
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KRTT. 

L—Firing Order 1-3-4-2. 

Magneto Setting—Piston .125 inch before top dead centre, lever fully 
retarded. 


LEWIS. 

Six—F iring Order ]~5-3-6~2-4. 

Mnguoto Sotting—l*iston top dead centre, lever fully retarded. Full 
advance crjuals ,254375 incli of piston stroke. 


LOCOMOBILE. 

48 LD AND PI), 38 IID and LD—Virini: Ordfu l_i3-3-6-2-4. 
Msgiedo Setting—Threo-ciyhihs to .-1375 in«'h before top dead centre, 
lever fully advanced. 

LOZIER. 

Fufij—K iri.vg Order 1-3-4-2. 

77--FIRINO Order 1-4-2-0-3-5. 

Magneto S^dting—Piston dond eeiilro, lover I'nlly retarded. 


LVONSrCMOIIT. 

K4 —Firing Order 1-3-4-2. 

Magneto has six-inch range on 20-iiieh bywheel from one inch past centre 
to five inches before. 


MAXWELL. 

25-4 AND 35-4— Firing Order 1-3--4-2. 

50-0—Firing Order 1-4-2-0-3-5. 

Magneto Setting—Points break with piston on dead centre, lever fully 
retarded. 

MOLTNE-KNIGHT. 

20-50—Firing Order 1-3-4-2. 

Magneto Setting—Piston top dead centre. 

* 

MOON. 

42— Firing Order —1-3-4-2. 

0-60—Firing Order 1-5-3-6-2-4. 

. Oelco—Spark breaks on centre in retarded position. 



X* %rhTly ItV'l UJ JL yivymtvxiv ~ 

NATIONAL. 

40—I'lRi.Nu Order 1-3-4-2. 

Magneto Setting—Pistoa .002.1 ineh past top Ocarl centre, lever fully 
retarded. 

Six—Firing Order 1-5-3-C-2-4. 

Magneto Setting—Piston .12.1 inclj before top dead centre, lever fully 
retarded. 

XOinVALK. 

L' AND U—FtiUNO OltDllR 1-1-2-C-3-5. 

Atwater Kent—^Pisfon is .09.1 incli past centre with distributor set at 
retard. 

OLDSMOlilLK. 

54—KmiNG Order 1-5—1-(i-2-4. 

Jlelco—Spark occurs at piston dead ci-ntre willi hand spark lever fully 
' retarded or .390025 before dead centre with lever fully advanced. 


OVFRLAXD. 

79—Firing Order 

Magneto Setting—One and one-quarler inches after dead centre (Hy- 
wheel), lever fully retarded. 


PACKAT111. 

2-38—Firing Ordoi 1_4-2-6-3-5. 

Magneto Setting—Piston .5 inch before top centre, lever fully advanced. 

PAIGE. 

25 AKD 35—Firt.nq Order 1-3—4-2. 

Magneto Setting—Place No. 4 piston on top dead centre (CompreBaion 
stroke). Points should just begin to break. 

PIERCE-ARROW. 

Sixes —Firing Order l“5-3-d-2-4. 

Magneto Setting—Magneto mark on flywheel should be 4.8125 inches 
ahead of 1 and 6 top centre and 1 showing in timing window. Piston is 
.5 inch before top dead centre of 33 degrees of crank circle. Battery 
spark occurs with piston 2.125 inches before top dead centre or 76 degrees 
of crank circle with spark lever fully advanced. 
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PILOT. 

60—Fibin’g Obdeb 1-3-4~2. 

60—Fibing Obdeb l-5-3-tf-2-4. 

Magneto Setting—Points break with lever fully retnnled and piston on 
dead centre. 

POPE-HARTFORD. 

35— Firing Order 1-2-4-3. 

Magneto Setting—Piston top dead centre. Maxiiuunt advance of magneto 
.6 inch on piston travel. 

PREMIER. 

0-48 AND VVeideey—Firing Order 1_4-2-0~3-5. 

Magneto Setting—Piston dead centre, lever fully retarded. 

REGAL. 

C, T, N AND NC— Firing Obdeb 1-2-4-3. 

Magneto Setting—Piston top dead centre, lover fully retarded. 


REO. 

Fifth—Firing Order 1-3-4-2. 

Remy System—Piston top dead centre when indexing button on distri-, 
butor engages. 

SAXON. 

A —Firing Order 1-3—U2. 

Atwater Kent—Piston dead cenlre, distributor fully retarded. 

StMPLKX. 

.38 AND 50—Firing Order 1-3-'1-2. 

Magneto Setting—Piston .01.5625 inch before top dead centre. 

75— Firing Order 1_3-4-2. 

Magneto Setting—Piston dead centre or slightly after. 

, SPEEDWELL. 

« H—Firing Order 1-5-3-0-2-4. 

Magneto Setting—Points break with piston at top dead centre. 

Rotary — Firing Order 1-5-3-6-2-4. 

Magneto Setting—One-sixteenth inch after top dead centre, lever fully 
retarded. . , 
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STEAKX8KNI0IIT. 

Fot’B—F iring Order 1-2-4-3. 

Six— Firing Order 1-5-3-6-2-4. 

Magneto Setting—PiHlon top dead centre, points breaking. 

HTEVEN8-OUBYRA. 

C 6—Firing Order 1-4-2-G-3-5. 

Magneto Setting—Figure 1 showing in timing window, 25 decrees before 
top dead centre (flywlieoH. 

STITDEBAKER. 

Foi'k—Firing Order I-3-4-2. 

Six—Firing Ori)ER 1-5.3-G-2-4. 

Reiny System—Spark occur.s .75 inch after top dead centre. 

VELIE. 

5 AND 0—Firing Ohdkr 1-.3-4-2. 

]0—Firing Order 1-5. 3-G-‘2-4. 

Magneto Setting—Piston lop dead centre. 


WINTON. 

Six—Firing Order 1-5-3-0-2-4. 

Magneto Setting—Piston .125 inch after lop deu«l centre, lever fully re¬ 
tarded and points breaking. 

Battery- System Hints.—»Sce that tho vires arn heavy enough 
to carry tho eiirrciit and that all the oonnectit iis are kept clean 
and briglit as every corroded joint causes needless resistance. 

Inspect battery connections, etc., occasionally, as they have a 
habit of working loose. 

Look well to the ground connection, which should be very se¬ 
curely made and placed where it will not corrode. 

Be sure the battery, especially if dry cells are used, is where 
it cannot get wet, as the paste-board may absorb sufficient moisture 
to short circuit the,cells. 

See that all wires are securely fastened so that they cannot by 
any means rub or chafe against either wood or metal parts; espe¬ 
cially the secondary wires. 
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Frequently exauiinc the condition of the as plug trouble 

is often look(?d for elsewhere. 

DonH allow the wires to become water- or oil-soaked, as short 
circuiting will probably result. 

Don’t screw dowm electrical coiineotioiis with the fingers, as a 
tight joint canudl he made. T’se plieiN, 

Don’t allow the storage battery to g(‘t so j’ar discliarged tliat 
it will not op(jrate tlie enil. See that 1lie vil)rators an* set as lightly 
as possible to nm the engine without skipping, tillierwise they will 
waste current. 

Don’t take it for granted you have ignititai trouble every lime 
the engine stops. 

Don’t start out kiiowing the battery to bo nearly exhausb^d, 
as it may run all right to start with, but will probably go out of 
business at a most inopportune time and jdace. 

Don’t adjust the coil vibrator for the biggest possible spark, 
as it wastes current. 

Don’t think the C(»il is no good if the vibrators do not buzz 
exactly alike. 

Don’t test storage battei’ies witii .in ammeter unless they arc- 
charging or discharging. 

Don^t strain the coil by diseonneeting the secondary wires com¬ 
pletely so tliiit no spark can jump, or by testing ho\r far it will 
jump. ■ 

Don’t screw or nail anything on to the coil lio.x, ns you may 
injure it. 

Don’t tolerate any loose wires or poorly made connections. Fix 
them at once. 
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LOCATION' AND K^:^^KDV Ol’ lOMTlOX KAUTiTS 

Ballory T^nifloji Syslern Parts—Caro and Wirlnj^ of Dry Colls—Storage 
Battery —Storage BoHery (Miarging an<l Nrainteannoe—Ignition 

Tinu'i’a—Sinirk IMugs—Indiietiou Coil Paiilt'^—Ailjusting (Joil Vibrators 
—Low Tension Ignitimi System—Magnetic Spark i’lng System—Wiring 
Troubles und Kl<‘« sii u Kffeeis- Magneto l’'ornis—Troubles witli 
Itigli Tension Manneto—Ci.nlaet Jtreaker. Care and A(ljnsliiient--'Re- 
I’ll urging Weak Magnets—I’ransformer Coil Magneto System—Dual 
Nfagaeto System—Master Viliratnr Ignition Systems—Double and 
Triple Igiiilion Melltods -Two Spark Ignition -''riming Hattory Ignition 
Systein.s—'I’uiiing ITigli Tension Magnetos—Firing Orders of Typical 
JCngines. 

Tiikkk lijis l)(*en 111) part of tlic autoinobilo tlmt luis liocii 
oiisnigod more often Ilian llie igiiilioji system. 'Plie first ejii’.s bad 
.simpio Dattery and eoii ignition, lln-n willi Iho inlrodnction of 
llio high leiisioii magneto lli(‘ systems were nsually coiiibinod on 
the same engine in order to secure double ignition .system.s, either 
one being imlepeiidcnt of tin. otlier. Later, as the magneto bi*eamft 
TofineU and improved, a number of makers discarded the battery 
ignition syshni and placed their entire reliance on the magneto. 

tin* eoming of the dmnand for eb'Ctrieal motor starting and 
iightiiig systems came a revival of the battery ignition metbod 
^vhieli had been disearded fur Ibe bigli tension magiiete. The 
main nason for nsin»r the magneto in in-eforeiieo to the battery 
system was that ignition became weaker with the latter after the 
engine bad been run for a time owing to a lessened output of the 
battery. Tin* magneto wbieb generates oleetrieity by a meebani- 
cal process had the advantage because tlic faster it was driven 
llie more current it d<*livered. 

In tbe modern automobiles an'* oldctrieal current generator is 
provided, rmi by the engin(^ which is deijended on to charge a 
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storage balteiy while tJiu motor is running, tlic current for igni¬ 
tion and ligliting l)eing taken from the storage battery instead of 
directly from the generator wiiicli delivers n current of varying 
outiiut depending upon the eugijje speed which in turn regulates 
the rate of generator anaaturo rotation. On many ears therefore, 
the battery ignition systems are used as tlie use of the generator 
keeps tlic battery eluirged always to tlic proper point for securing 
energetic ignition. Tlio autonjo!»ile re])aiiMnan will have cars to 
repair tliat will use a wide variety of ignition systems, as many 
of those fitted with the simple battery and coil are still in use 
wliile a very largo number arc cquijjped soh-ly with the liigh ten¬ 
sion Tiiaguelo. l\rnst of the newer ears will use imjjnived battery 
iguiiiou systems with tbe liigh tejisiou magneto eliminated. 

Battery Ignition System Parts.—A batteiy ignition syslem in 
its simple.st form eonsisls of a curreiit prothieer, usually a set of dry 
eells or a storage ])attery, an iiuluetion coil to transform the low ten¬ 
sion eupreiit. to om* having sviffieient strength to .iump the air ga]) at 
the sjmrk i>lug, an igniter member placed in the comlmsliou eham- 
her and a timer or mcchanieal switeJi operated by t)!<! engine so 
tlial llie eireiiit will be elosed only when it is desin'd to have a 
.stmrk take ])laeo in the cylitulers. Battery ignition systems may 
be of two forms, those in which the battery current is stepped uj) 
or intensified.to enable it to juinf) an air gap l)etweeu tbe points 
of tlic spark plug, those beiug called “high tension” systems and 
the. low tension form in which the battery current is not iiiten- 
sifi(;d to a great degi’ci* and a spark produced iu the cylinder by 
tbe action of a mechanical eire\iit break<‘r in the com])ustio!i cham- 
Iier. Tlic low tension system is the simplest ele<diieully but the 
more complex niecliaiiieally. The high tension system has the 
fewest moving x>arts but numerous electrical devices. At the pres¬ 
ent time i)nictically all automobiles use high tension ignition sys¬ 
tems, but as the repairman may have occasion to overhaul an “old 
timer” inslrnctinns are given for repairing tlie low tension igni¬ 
tion systems as w’cll as tbe more popular forms. Low tension igni¬ 
tion methods are still used in marine engines, so a mechanic work¬ 
ing on these types as well as automobiles should familiarize himself 
with tlie principb?s of both high and low tension ignition systems. 
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Ifinitioii tr<)nl)li\>< ni-o usiuilly ovidcnml hy irrcj^iilar 

Tlio molor iml run regularly iior will Ihe explosions 
follow in oven Re((ni?ii(*e. Tlioro may be one cylimlor of a nniltiplo 
cylindci* motor that ^\iU not fnnetion at all, in wliieli case tin* 
trouble is purely Ineal. whereas if all (he eylinders luu irregularly 
tliero is some main (•onclitio!i outside of the engine ilself that is 
causing tin* trouble. As eoni])le1e inslnictions are given at llie 
end of this eha]der for a sysbunatie seareli to locate troiildes and 
as these may bo readily identified by tin* symploms deseribe<l, it 
IS not neeessary ti> dwell on this iniint any loiigm*. at the present 
time. In a battery ignition sysfoin the first point to lie suspected 
iji event of irregular ignition is lack of capacity in the current 
producer. 

Care and Wiring of Dry Cells.—The simplest form of curreni: 
producer is the dry ci*ll wliicli is shown in section at Fig. 224, A. 
A zinc can about fi inelies high and 2 I 2 iiiehes in diameter forms 
the negative element of the <l?’y cell and also serves as a container 
for the eleetrolyb- and positive clement. A carbon rod placed in 
the center is insulated from contact witli the zinc can by a seal 
of pitch whit'll is a non-eonductor of electricity and wliieh also 
serves to retain the moisture in the coll. This carbon rod does not 
extend eritij'ely to the bottom of llie oup. The exeiting fiuid or 
electrolyte is a solution of sal nmilojiiao which is held against the 
negative elemeiil by blotting paper which is used as a lining for 
the zinc ean. The space between this active lining and the carbon 
rod is filled Mitli a ilepolariziiig agent, usually blaek oxide of 
manganese, wliieli is mixed with powdered gas retort carbon, the. 
whole being saturated with exciting fiuid in order to increase the 
elootrioal eondnetivity of the depolarizing mixture and also to 
keep the hlotting juiper lining properly moist. The depolarizor 
fs necessary to enable the cell to be used continuously as it gives off 
oxygen to combine with the electrolyte after it lias given up its 
chlorine to the zinc which leaves hydrogen to combine with the 
oxygen and form \vater. Tt will be observed that a dry coll is S'ery 
simple in construction and that nolliing is apt to occur that will 
reduce its capacity except diminution in the strength of the elec¬ 
trolyte or eating away of tlie zinc can by chemical action. The 
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^lomouts ill a dry ct*U usualJy foinbini'd in suoli proportions 
that about (lie tiuio the electrolyte is exluiusted, the zinc can will 
• also have outlived its usefulness. It is uiuch clieapor to replace 
dry cells with iieiv ones than to atleiiipt to repair the. exhausted 
,onc.s. 

> Kvaj)oridi(»ri of (lie elecirolyte is ilu* main cause of deteriora¬ 
tion of dry cells as tin* intmuial resistance of the cell iuer<*asos when 



Fig. 224.—^View at A, Showing Internal Construction of Dry Cell Battery. 
B.—Method of Testing Dry Cell with Amperemeter. 


the moisture evaporates. Tt is said that dry cells will depreciate 
even u'lien not in use. so it is important for tljc repairman to buy 
j^thesc ofdy as needed and not to keep a large slock on hand. Jii 
order to test the capacity of a dry coll an ami>eremeter is used as 
^ indicated at Fig. 224, B. Amperemeters are made in a variety 
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ol' Coinis, some being combined with volt meters, as shown at’ 
Fig^ 22(). The eombimitioii instrument is tlie best form for the 
repairman to use as the volts scale can be employed for testing 
storage batteries wliile the amperemeter scale may be utilized in 
determining tiie strength of <lry cells. A fully charged, fresh dry 
coll should show a current output of from twenty to twcjity-tivc 
amperes. If the cell imli(!ates below six or sev(>u amperes, it 
should he discarded as it is apt to he exhausted to such a point 
that it will not furnish current enough to insure energetic or re¬ 
liable ignition. Dry cells should always b<‘ st<)red in a ct>oI and 
dry placi', so that the oleetrolyte. will uot evaporate. Jf moislnre 
is given an oj>porlunity to eolleet on the top of the pitch seal it 
will allow a gradual lass of eurrent due to short circuiting the 
cells. Ill applying an amperenieler, care should he taken to 
always connect the positive tcriniiial marked witli a plus sign 
against tlie. carbon terminal. In llie indicating meter shown at B, 
it is necessary to use only one eontact pf>int w'hicli is pi'osscd 
against the screw' passing through the carlum rod. Tlie case of 
the instrument is placed in conlact with the zinc terminal to com¬ 
plete the circuit. A llcxible wire is usually included in order to 
test the amperage of a group of cells should tliis bo thought neces¬ 
sary. When dry cells arc used for automobile ignition, they 
should he carefully packed in box made of non-conducting ina- 
lerial, such na wood, ainl securely covered so that there will he no 
chance for water to enter the eoiilainer. If placed in a sheet metal 
case, care slionld bo taken to line the box with insulating ma¬ 
terial ami also to pack tlie cells liglitly so they cannot shake 
around. Tlie best practice is to use wedges or blocks of wood 
which are driven in between the cells to keep them apart. In 
no ease should a dry cell be jiluced directly in a steel box, as 
the binding posts on the zines might come in contact with the 
walls of the box and lend to short circuit the cells, producing 
rapid depnjciation. A battery box should always be placed at a 
point where it is not apt to be drenched w'ith water when the 
car is waslied or should be watertight if exposed. 

When dry cells are used for ignition there are tw'o practical 
inethods of connecting these up. At least four dry cells are neces- 
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Covers ehafei- Zinc ahoHs in contact , Loose T'^rnimalf 



^ Fig. 22S.—Methods of Connecting Dry Cells and Precautions to he 

Observed When Wiring. 

sary to secure satisfactory ignition and much more energetic ex¬ 
plosions will be obtained if five or six are used. The common 
method is to join the cells together in serie.s as shown at Fig. 
^225, A. When connecting in this manner the carbon terminal of 
one battery is always coupled to the xinc binding post of its 
neighbor. Connection would be made from the carbon of the first 
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cell to zinc of the second, from the carbon of the second to** 
the zinc ( f the tliird, and from the carbon of tin? third to the 
zinc of the lourtli, iJiis leaving the zinc terminal on the first cell 
and tlie carlKoi tenninal on the fourth cell fi-ec to h(; Joined to 
the external circuit. "When dry cells are coiiimeted in scries tlio^ 
voltage is augmented, that of one cell being multiplied by the’ 
ininibcr so Joined. The amperage remains llio same as that of 
one cell. If a dry cell lias a |.s)t(nitial of 1 ! 4 volts, a battery com¬ 
posed of lour cells would show 5 volts. When dry batteries are 
used for lighting purposes or ho’ igniling multiplo cylinder en¬ 
gines, in (inlcr to obtain better results, they ai’C eoniU'eted in 
.series ninltiph'. as shown at U. Three .s<‘ts of cells joitied in seri(*s 
arc placed side by side with tiic fn-e carlMois at one end in liiK* 
and the zincs at the other also in line. . 'rhe three carbons 
tlieii joined 1 (»getliep by <»nt? wire, tlie three zinc termiiial.s by an ¬ 
other'. AYlieii joiiicil in this niainier the hattery lia.s a voltage ecpial 
to tliat of four cells and an amperage espial to that of three cells. 
If a series connected battery {is {it A, iudieab’s 5 volts and 20 
jim])eres, the S(*ries iiMilti{de connection at 1> will indicate 5 volb 
and (iO amperes. AVhen cells are Joined in multiple the drain 
(n {iny otie eell is redueeil and it is not so likely to become e.v- 
hausted ns wlieii four arc used in seri(‘s. The points to be watched 
out for when installing drysalteries arc clearly outlined at the 
bottom of h'ig. 225. Jt will be .seen that it is not dc.siral)le for 
terminals to come in contact with each other or with the sides ot^ 
the box nor is it conducive to good ignition to liave the zinc shells 
in contact. A loose terminal on any one of the batteries will re¬ 
sult in irrcgidar ignition while a broken wire will interrupt iS. 
altogether. If the iiisulaiion is frayed where a wire passes througii 
a hole in a metal battery box trouble may be experienced due to 
short circuiting of the current between the bare wire and the 
steel box,*w'hich may be grounded. 

Storage Battery Defects. —The subject of storage batter}' 
maintenance was thoroughly covered in a paper rend by IT. M. 
Beck before the S. A. E. and published in the transaction.^ 
the society. Some extracts from this are reproduced in connec¬ 
tion with notes made by the writer and with excerpts from it^s- 
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struction books of battery iiiamifacturers in order to enable the 
reader to secure a thorough grasp of this important 8u})jcct witli- 
out consulting a mass of literature. Endeavor lias been made to 
simplify tlio technical points involved aiul to make the exposition 
as brief as possilile witlioiit slighting any essential* points. In 
view of the general adoption of motor starting and lighting sys¬ 
tems on all modern automobiles, the rei>airman or jiiotorLst must 



Fig. 226.—Two Forms of Combination Volt-Amperemeters for Garage 

Service. 

pay more attention to the electrical apparatus than formerly 
needed when the simple magneto ignition system was the only 
electrical part of the automobile. The storage battery is one of 
the most important parts of the modem electrical systems and 
all up-to-date repairmen must understand its maintenance and 
charging in order to care for cars of recent manufactui^ intelli- 
g(?iitly. 

A storage batteiy, from an elementary standpoint, consists of 
two or more plates, positive and negative, insulated from each 
other and submerged in a jar of dilute sulpliuric acid. The plates 
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consist of lincly divided lead, kiioAvn as the active material, liold 
in grids which serve both as siij^ports and us oojuluctors for the 
active rnateriul. T)io active material ]»eing fiiicdy divided, otters 
an enormous surface to the electrolyte and thus electro-cheniieal 
action can take place easily and (piickly. Two jdaics such as de¬ 
scribed, would have no potential dittereiiee, the active iiiaterial of 
each being tlie same. Jf, however, current from an outside source 
is passeil between tliem, one, tlu* positive, will become oxidized, 
wiiile the other reiuaius as befoiH‘. pure, lead. This combination 
will be found to have a ]M)tcntial dilterenoc of about tw'O volts, 
and if connected through an external eireiiit, e\irrcnt will flow. 

During di.seliarge, the oxidized plate loses its oxygen and both 
plates will beeomc snlphated until, if the diseliargc is carried far 
enough, both i)lates will again ])ecomc eliemioally alike, the active 
nuderial eoiisisting of bad sulphate. On again charging, the 
sulphate is driven out of both plates and the jmsitive plate, oxi- 
%lized and this cycle can ))e re])eated as often as desired until rho 
plates arc worn out. Tims charging and discharging simply re¬ 
sult in a chemical change in the active irud«‘nal and electrolyte, 
and tile poliMilial dilTevence between the. jdates and cajmcily is 
due to this change. . 

In taking care of a storage battery, Diore arc four points 
which arc of llu* first importance: 

First—The battc^ry must be eliarged prop(‘rly. 

Second—The battery must not bo oviU'discharged, 

ThiiMl— Short «'ircuits between llic plati.'S or from sediment 
under tlicin, must be prevented. 

Fourtli—The plates must be kept covered with electrolyte and 
only water of the proper purity used for replacing evaporation. 

lu the event of electrical trouble which may be ascribed to 
weak source of current, first test the battery, using a low reading 
voltfneter. Small pocket voltmeters can be purchased for a few 
dollars and will be found a great cfuiYcnienoe. Cells may be 
tested individually and as a battery. The proper time to take 
a reading of a storage battery is immediately upon stopping or 
while tlie engine is running. A more definite determination can 
be made than after the battery has been idle for a few hours and 
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lias rceuperatcd more or less. A single cell should register more 
than two volts when fully cliarged, and the approximate I'norgy 
of a three-cell battery should be about 6.5 volts. If the voltage 
is below' this the batteries should be reclinrged and the specific 
gravity of the electrolyte brought uj) to the required ))oint. If 
the liquid is ^eI•y low in the cell new electrolyte should he added. 
To make this fluid add about one part of chemically pure sul¬ 
phuric acid to about four parts of distilled water, and add more 
water or a<'id to <»bta}n tlic required specific gravity, which is 
dotonnined by a liydromcter. Acctirding to some authorities the 
hydrometer test should show the specific gravity of the electrolyte 
as about 1.208 or 25 degrees Baume when first prepared for in¬ 
troduction in the cell, and about 1.306 or 34 degrees Baume wdien 
the cell is charged. 

The following table gives the corresponding specific gravities 
and Baume degrees: 


Baiim6 

’ Specific Gravity 

TlauuiS 

Specific Gravity 

0 

l.OOO 

18 

1.141 

I 

l.OOG 

19 

1.150 

2 

1.014 

20 

1.160 

3 

1.021 

21 

1.169 

4 

1.028 

22 

1.178 

5 

1.033 

2.3 

1.188 

6 

1.043 

24 

1.198 

• 7 

1.030 

25 

3.208 

S 

1.058 

20 

1.218 

a 

l.OOfi 

27 

1.228 

10 

J.07t 

28 

1.239 

n 

1.082 

29 

1.250 

12 

1.000 

.30 

1.260 

i;< 

1.003 

31 

1.271 

H 

1.100 

32 

1.283 

10 

3.115 

33 

1.294 

10 

1.124 

34 

1..306 

•[ * 

1.132 

35 

1.318 


The appench'd oenversion formula ami table of equivalents 
will be found of value in changing the reading of u hydrometer, 
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<lr aei<loineter, from terms of specific gravity to the Baume scale 
or vice versa. 

uri 

Bp. Gr,™-at 60* Y. 

145 — 1}auni6 degrees 

Kitlier voltage or gravity readings alone could be used, but 
as both have advantages in certain oases, and disadvantages in 
others, it is advisable to use each for the purjiose for which it 
is best fitted, the one serving as a cheek on the other. Voltage 
has the great disadvantage in that it is dependent upon the rate 
of current flowing. Open circuit readings are of no value, as a 
cell reads almost the same discharged as it does charged. On the 
other hand, a voltmeter is a very (‘asy instrument to read and 
^may he located wherever desirable. Specific gravity readings are 
almiist independent of the current flowing, but the hydrometer 
is difficult to read, not ver\' sensitive and the readings must he 
taken directly at the cells. 

Charging the Storage Battery. —Great care should he used 
in charging and the charging rates gmm by the various manu- 
factiir(TS should he followed whenever possilde. It is essential 
that the positive wire carrying tlie charging current he connected 
Avith the positive plates of the battery. The positive pole of a 
cell is usually indicated by a pins sign or by the letter In 

ease of doubt always ascertain the proj)cr polarity of tin; termi- 
;nals before charging. This is done by immersing the ends in 
acidulated water, about an inch apart. The one around wliich 
the more bubbles collect is the n<‘gative, and sho dd he connected 
with negative pole of the battery. If a cell is not connected prop¬ 
erly it will be ruined. A battery always should he charged, if 
possible, at a low charging rate, because it will overheat if ener¬ 
gized too rapidly. The normal temperature is between 70 and 
90 degrees FahreJiheit. \Vlicn the battery is fully charged the 
solution assumes a milky .white appearance and bubbles of gas are 
seen ri.'iing to the surface of the electrolyte. All foreign matter 
should he kept out of the batteries as any metallic snbslancc find¬ 
ing its way into tlie cell or between the terminals will short circuit 
the cell and perhaps ruin it before its presence is known. The 
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terminals, tiie ontsiclo of ihe cell and all connections^ should 
kept free from acid or moisture. A neglect of these essentials 
means corrosion and loss cf capacity by leakage. Tliere is one 
point in connection with the charge whicli should ho especially 
emphasized, namely, that the final voltage corresponding to a full 
charge is not a fixed figure, but varies widely, depeiuling upon 
the charging rate, tlie tomperatiirt', tlx? strengtli of the electrolyte, 
and ago of tbe hatteiv. F>r this reason, charging to n fixt'd volt¬ 
age is unreliable and likidy to result disastrously. The charge 
sliould be continued until the voltage or gravity cease rising, no 
matter what actual figures are reached. Old cells at high tempera¬ 
tures may not go above 2.4 volts per cell, whereas if verj' cold, 
'•hoy have been known to run up to three volts. 

The points to be espccisilly emphasized iu connection with the 
fharge are: 

First—On regular charge.^ keep the rates as low as practical 
and cut off the current promptly. It is preferable to cut off a 
little too soon rather than to run too long where there is any 
question. 

Second—Overcharges must be given at stated intervals and 
continued to a complete luaxijuum. They should be cut off at the 
proper point, but wIkui iu doubt it is safer to run too long, rather 
than to cut off too soon. 

Third—Do not limit tlio charge by fixed voltage. 

Fourth—Keep the temperature wilhin safe limits. 

Fifth—Keep naked flames away from cells while charging as 
tile gas given ofi: is inflammable. Always sec that gas vents are 
clear before charging. 

The following tabic will undoubtedly be of value as a guide 
to the proper charging rates of batteries of various ampere hour 
capacities, the assumption being that these are all 3 cell batteries 
that will show between 6.5 and 7.5 volts when fully charged. 
AVhile most manufacturers of batteries furnish instruction books, 
these may be lost, so some compart reference is needed. The overall 
dimensions of the batleiics are given so the capacity may he deter¬ 
mined even if the marks of identification on the name plate are 
obliterated. 
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TABLE OF CHABGING KATES 
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Typo. 
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Charging Hates. 
Amp. Required. 

24-Hr. 

Churg- 
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Volta 

per 
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1 
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OH 

3 

ELB—80-120. 

12 

B 

4 


B 

uA 
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»H 

8 
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15 

1 

5 
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Vi 
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7H 

OH 

8 
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18 

0 

() 


m 

15? K 



8 
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B 

3 

m 


OH 

0 

lu 

3 
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j 

B 

B 

2j'y j 


n 

m 


8 

HSU—100-150. 

15 

5 

5 

2)2 

VA 

nn 


105 ^ 

3 

1ISR--120-180. 

IS 

D 

B 


7H 

15 


m 

3 

PAB—120-180. 

IS 

6 

6 

2H 

7H j 

lOH 

7.l^i 

14H 

3 


A battery may be charged from any source of direct current. 
Oarages, central stations, lighting plants, etc., can do the work, 
and in many instances where direct current is used for power 
purposes, a simple charging outfit is operated from the dynamo. 
Where alternating current only is av.^ilablc, a rectifier which 
changes alternating current to direct current n ay be installed and 
the battery charged with no ineonveiiioneo and at comparatively 
small cost. All of tiiose methods will he considered in proper 
sequence and typical charging outfits described. 

Remedies for Loss of Battery Capacity.—When a battery 
gives indication of Ic&senod capacity it should be taken apart and 
the trouble located. If the cell is full of electrolji;e it may be 
of too low specific gravity. The plates may be sulphated, due to 
lack of proper charge or too long discharge. The cells may need 
cleaning, a condition indicated by .sliort capacity and a tendency 
to overheat when eliarging. Sometimes a dt'posit of sediment on 
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the bottom of the cell will short circuit the plates. If the specific 
gravity is low and the plates have a wliitish appearance, there 
being little sediment in the cells, it is saCo to assume tliat the 
plates are sulphated. Sediment should he removed frojii tlie cells 
and the i>latcs rinsed in rain or distilh'd water to remove i)arlicles 
of dirt or other adhering matter. 

The rate at which the sediment colleels, depends largely upon 
the way a battery is handled and it is, therefore, necessary 1o 
determine this rate for each individual ease. A cell should be cut 
out after say fifty charges, the deptli of s(‘diment measured and 
the rate so obtained, used to d<*termine the time wlieu tin* l)atlery 
will need eleaiiing. As tlieiv is apt fo bo some variation u\ tin; 
amoiiiit of sediment in ditTorent eells, and as the sediment is 
throw)! down more iai)idly during the latter i>arl of a period then 
at the beginning, it is always advisable to allow at least one- 
fourtli inch clenranee. If the ri]»s in the. lioltom of tlie jars are 
3V^ iuehe.s higli, figure on cleaning w’hen the sodinieut reaelus a 
depth of.lli inches. Uefove disjiianlliug a battery for “washing,” 
if practical, luive it fully charged. Otherwise, if the jdales aie 
badly sulpliated, they are likely to throw down considerable sedi¬ 
ment on the charge after the edeauing is coni]dei(:d. 

There have been many complaints of lack of capacity from 
batteries after washing. Almost witliout exception this is found 
to be due to lack of a complete charge following the cleaning. 
The plates arc frequently in a sul])hated condition when dis¬ 
mantled and in any case are exposed to tlie air during the clean¬ 
ing process, and thus lose more or less of their charge. When 
re-hsscmblcd, they consequently need a very complete charge, and 
in some cases the c<|uivalei)t of the initial charge, and unless this 
charge is giv(?n, the eells will not sliow capaeily and will soon 
give trouble again. This cliarge shouhl be as cmuplctc as that de¬ 
scribed elsewhere in connection w’ith the initial charge. 

“Flushing” or replacing evaporation in cells with electrolyte 
instead of water, is a most common mistake. Tlie plates of a 
storage battery must alw’ays be kept covered with electrolyte, but 
the evaporation must be replaced wnth purfe w^atcr only. There 
si'Cirs to } 0 a more or less general tendency to confuse the elec- 



Remedies for l^oss of jiattery i^apactiy 

trolyte of a storage battery Tvitli that of a primary cell. The 
latter becomes weabenecl as the cell discharges and eventually re- 
(jiiires renewal. AVitb tlio storage battery, however, tliis is not 
the case, at least to anything like; the same degree, and unless acid 
is actually lost through .slopping or a broken jar, it should not 



Fig, 228.—Simple Staud for Carr 3 ring Electrolsrte or DiStUled Water at A. 
Method of Using KoUinson Bectifier Shown at B. 

fit- 

be necessary to add anything but w'atcr to the colls between clean¬ 
ings. Acid goes into the plates during discharge, but with proper 
charging it will all be driven out again so that there will be practi¬ 
cally no loss in the specific gravity readings, or at least one so 
slight that it does not require adjustment between cleanings. 
Thus, unless some of the electrolyte lias actually been lost, if the 
sp<*eific gravity readings are low, it is an indication that some¬ 
thing is wrong, but the trouble is not that the readings are low, 
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but that something is causing them to be low, and the proper thing 
to do is to remove the cause and not try to cover it up by doctor 
ing the indicator. Tlic acid is in the cells and if it does not show- 
in th<‘ readings, it must be in the form of sulphate, and the jiroper 
thing to do is to remove the cause of the sulphation if tliere is 
one, and then with proper charging, drive tlie acid out of the 
plates and th«* specific gravity readings w'ill then come back to the 
proper point. Tlic tno-frequent practice m such cases is to add 
electrolyte to the cells in order to bring up the readings, which 
as already explained, are only the indication of the trouble, and 
tins further aggravates the condition, until finally the plates be¬ 
come so siilphated tlint lack of capacity causes a complaint. This 
practice of adding clccli-olytc to cells instead of water, seoms to 
be coming more and more c()inmon. 

If there is antj doi(ht uhout the yoJariiy of the plates when re-4 
assembling after cleaning it is well fn note, that the positive plate 
is chocolate in color and the negative is gray. 

Wlioii plates are sulpliat< d, to restore the- i to their original 
condition it is necessary that the hatlery he given a Icrvr, slow 
charge at about-a quarter or a third of the norm^d charging rate. - 
This should he continued until tlic electrolyte has reached the 
proper specific gravity and the voltage has attained its maximum. 

It should be understood that sulphating is a normal as well 
as an abnormal proecs.s in the charge and discharge of storage 
hatterina. aiul the difference is in the degree, not the process. The 
abnormal condition is that ordinarily referred to by tlie term. In* 
normal service s\4lpUating does not reach the point where it is 
dillicult to reduce, but if carried too far, the condition becomes so 
complete tliat it is difficult to reduce, and injury results. A very 
criulo method of illustrating the different degrees of snlphating is* 
to consider it as beginning in individual parlich*s uniformly divS- 
tribtiled througliout the active material. Each particle of sulphate 
is then entirely surrounded by active material. The sulphate itself 
is a "non-conductor, hut h»‘iDg surrounded by active material, the 
current can reach it from all sides and it is easily reduced. This 
is normal sidi)hate. As the action goes furtlior the particles of 
sulphate become lai’gcr and join together and their outside con- 
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ducting surface is greatly reduced in comparison with their vol¬ 
ume so tliat it becomes increasiugly difficult to reduce llicin and 
we have abnormal sulphate. 

The general cure for sulpliating is charging, so that a cell hav¬ 
ing been mechanically restored, the electrical restoration consists 
simply in the proper cliarging. Suljdiate reduces slowly and on 
tliis account it is a good plan to use a rather low current rate. 
High rates cause oxcessivi; gassing, l)eating and do not linsten the 
process a))prc*ciab]y, so that it is the safer as well as tlie more 
efficient plan to go slowly, A good rate is about one-fifth normal. 
The length of charge w’ill depend upon the degree of sulphating. 
In one. aetual case it requir<*(l throe months’ charging night and 
day to complete the operation, but this was. ol' course, an exeep- 
tioual one. Tlie aim should be to continue until careful voltage 
and gravity r(;adings slmw no £ 01 * 111 ( 0 ' increase fm* at h^ast ten 
houi-s and an absolute niaxitniiin has been reached. In serious 
ciuses it ni<ay be advisable to oven exceed this time in order to 
make absolutely sure that all sulj>hate is mlno.i'd, and whore tlieni 
is any question it is much safer to ebargo too long, rather than to 
risk cutting otf too soon. A partial charge is oidy a temporary 
expedient, the cell still being sulphated will drop l>ehiiid again. 

Battery Charging Apparatus.—Tiie apparatus to be used in 
charging a storage latteiy depends upon the voltage and character 
of the current available for that pur]joR(*. "Where direct current 
can he obtained the apparatus needed is very simple, consisting 
merely of some form of resistance device to rogu>dte the amperage 
of the current allowed to flow through the battery. The internal 
resistance of a storage battery is very low and if it were coupled 
directly into a circuit without the interposition of additional re¬ 
sistance an excessive amount of current would flow through the 
battery and injure the plates. When an alternating current is 
used it is necessary to change this to a uni-directional flow before 
it can be passed through the battery. Alternating current is that 
which flows first in one direction and immediately afterward in 
the reverse direction. "When used in charging storage batteries 
some form of rectifier is essential. The rectifier may be a simple 
form as shown at Fig. 227, A, wiiich is intended to be coupled di- 
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rcitly intd i\ circuit by screwing the plug atlachoil to the 

flexible cord in tlu? lamp socket. A rotary eouv(;rter set such as 
shown at B. may also be used, in this the altcj*nating current is 
depended on to run an electric motor which drives the armature 
of a direct ciiiTi-iit dynamo. Tlie current to charge the battery 
is taken from the dynamo, as it is suitable for the ))uvpoKe, whereas 
that flowing through the motor cannot he u.s<*d directly. 

The view at hMg. 227, (!, shows a usual form of liydrometer- 
syringe wliicli is introduced into the vent hole of the storage bat¬ 
tery such as shown at E and enough electrolyte drawn out of the 
cell to determine its specific gravity. This is sliown on the*hydrom¬ 
eter scale as indicated in the enlarged section at D. A veiy 
useful appliance where coiisi<ieva]»le storage battery work is done 
is shown at Fig. 228, A. This is a stand of simple form designed 
to carry a carlmy containing either acid, distilled water, or elec¬ 
trolyte. In fact, it might be dcsiralde to have three of these stands, 
which are inexpensive, one for each of the lifjuids mentioned. In 
many repair shops the replcnisliing of storage hatleries is done in 
a wiisteful manner as tlie licjuid is canm d around in a buttle or 
old water pitcher and poured from tlu.r container into the battery, 
often without tlu* use of a funnel. The chances of spilling arc, of 
course, greater than if the licpiids were carefully liaudled and more 
time tluui iiccM'Ssary is ennsmned in doing the work. The stand shown 
is about 5 feet higli and is filled with castors so it may be easily 
moved about tlit' shop if necessary. For examjdo, in taking care 
of elcc-h ic vi'hiele batteries it may bo easier to move the carboy 
to the battery than to j'cmove the heavy battery fium the auto¬ 
mobile. The ctmtainer for llio li(iuid is placed on top of the stand 
and the litjuid is conveyed from it by n rubber tube. The rubber 
tube is attached to a gbuss tube oxtending down nearly to the 
bottom of the liquid. At the holtora of the rubber tube an ordi¬ 
nary chemist's clip whieli controls the flow' of li(|uid is place<l. In 
order to start a flow of li(]uid it is nect*saary to blow into a bent 
glass vent tube which is also inserted into the stopper. Once the 
rubber tube has become filled with liquid merely opening the clip 
will allow the liquid to flow into the battery as desired. 

In most communities the incandescent lighting circuit is used 
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for chargiiif? butteries on account of the voltage of the power 
circuits being too high. The incandescent lighting circuit may be 
any one of six I’onns. A direct current of either 110 or 220 volte 
used over short distances, eithiT 220 or 440 volts on three wire 
circuits over long distances, alternating current at a constant 
potential, usually 110 volts and iji various polyphase systems. It 
might be stated that in tlie majority of instances lionsc and garage 
lighting circuits furnish direct eiirrent of 110 volts. Wo will con¬ 
sider the devices uscd.Mith the alternating form one of which is 
shown at Fig. 228, H. This is known as the llollinson electrolytic 
rectifier whieU is based upon the following i)iineiples: When an 
element of alumiiiuui and a eorresjmndiug elennmt or plate of iron 
are submerged in a sidulion of ccrt;jm salts, using these elements 
as negative and positive terminals, rcspcctivi’ly, the passage of an 
electric current through the solution produces a chemical action 
which forms hydroxide of aluminum. A film of iiydroxido thus 
formed on the alumijinm element repels the current. Tll^ arrange¬ 
ment of the cell will then permit eurrent to pass through it in one 
direction only, the film of chemical preventing it from passing in 
the o])p(»site direction. The result is that if an alternating cur¬ 
rent is supplied to the cell a direct ))ulsatiiig eurrejit can be ob¬ 
tained from it. The outfits usually include a transformer for 
reducing the line voltage to tlui lower voltages needed for battery 
charging pnri>oses. Regulation of the current is effected in the 
simplest type by immersing tlie elements more or less in the solu¬ 
tion in the jar. As comphde iijstructioiis ar ^ furnished by the 
manufacturers it will not be necessary to consider this form of 
rectifier in detail. 

One of the most commonly used rectifying means is the mercury 
arc bulb. This device is a large glass tube of peculiar shape, as 
shown at Fig. 229, which contains in the base a quantity of mer¬ 
cury. On cither side of this lower portion two arms of the glass 
bulbs extend outwardly, these being formed at their extremities 
into graphite terminals or anodes indicated as A and A-1. The 
current from the auto transformer is then attached one to each 
side. The base forms the cathode or mercury terminal for the 
negative wires. The theory of this action is somewhat complicated^ 



462 Automobile Kepairing Made Easy 

but may be explained simply without going too much into detail 
The interior of the tube is in a condition of partial vacuum and 
while the niereiiry is in a state of excitation a vapor is supplied. 
This condition can 1 k‘ kept up only as long as there is a current 
flowing toward the negative. If the direction of the current bo 



rig. 220.—Wiring Diagram Defining Use of Mercury Arc Bectlflei. 

reversed so that the formerly negative pole becomes a positive the 
current ceases to flow, as in order to pass in the opposite direc¬ 
tion it would require the formation of a new cathode element. 
Therefore the flow is always toward oue electrode which is kept 
excited by it. A tube of this nature would cease to operate on 
alternating current voltage after half a cycle if some means were 
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ju)t provided to maintain a How continiioualy toward the negative 
pJectrode. In the General Eleetric rectifier tube there are two 
anodes and one cathode. Each of the Tornier is connected to a 
separate side of the alternating current supply and also through 
reactances to one side of the load and Hie catliode to the other. 
As tlie current alternates, first one ano<lc and then the other be- 
eouics positive and there is a coiitiunous How towards the mercury 
eaUiode thcncc throiigli the load (in this case* the battery to be 
charged) and back Ui the oj)posite side of the supply through a 
reactance. At each reversal tlie latter discharges, tlnis maintaining 
the are. until the voltage reaches the value reepdred to maintain 
the current against the eomiter K. M. K. and also reducing the 
fluctuations in the direct ciirreut. In this way. a true contiuiiona 
flow is obtained with very*small loss in transformation. 

A small electrode eonne<ted to one side of tlie alternating cir¬ 
cuit is used for starting llie are. A slight tilting of the tube makes 
a mercury bridge between the terminal and draws an arc as soon 
as the tube, is turned to a vertical position. TIjc ordiirary form 
used for vehicle batterh'S has a maximum current capacity of 30 
amperes for charging the lead plate t.v])e and a larger form in¬ 
tended for use with Edison batteries yields up to a limit of 50 
amperes. Those l'(»r charging ignition batteries will pass 5 am- 
ix'i-es for one to charge six cells and a larger one that wdll pass 
10 amperes for fnmi three to Icii batteries. As is true of the electro¬ 
lytic rectifier complete imstructions are furnished by the nianu- 
Cttcturer for their use. 

The Wagner device, which is shown at P'i}*. 227, A, operates 
on a now principle and comprises a .small two coil transformer to 
reduce the line voltage to a low figure; the rectifier proper which 
consists oP a vibrating armature in connection with an electro 
magnet and a resistance to limit the flow of the charging current. 
A meter is included as an integral part of the set for measuring 
the current flow. All sets are sold for use w’ith ignition or light¬ 
ing batteries of low voltage with a lamji socket plug and attach¬ 
ing cord, the idea being to utilize an ordinary lighting circuit of 
110 volts A. C. The magnet and vibrating armature accomplish 
the rectification of the current wath little loss, the action after 



'~^dtdmd6Ue Hcpairing Made Easy 

connection to the battery wliicli is to bo charged proceeding auto¬ 
matically. By a simple device, the current stoppage throws the 
main contacts open so the partially charged battery cannot be 
rapidly discharged. While the rectifiers are constructed to use 
60 eyole, 110 volt flltornntmg currerit they will work at oU fre¬ 
quencies from 57 to 63. The size made will pass three to five 
amperes, the voltage being sufficient to recharge a three cell battery. 

When batteries are to be charged from a direct current it is 
possible to use a rheostat to regulate the voltage at the terminals. 
The construction of a liieoslat is very sim])lo as it consists only 
of a group of high resistance coils of wire inoiiuted in insulating 
material and having suitable conueeiioiis with segments on the 
base plate upon which is Jiiountod the. operating arm that niakt*s 
the contact. According to the manner in wliieb tJiese are nuule 
and wired a large re.sistance is introduced at first, gradually dc- 
creasing as the lever is juovcd over or it may operate in the re- 
ver.se fashion, a lar-ge amount of current being allowed to pass 
at the first eontaet and l<*ss as tlie handle progresses across tlie 
patli. lllieostals should (inly be purchased aft“r consuHing a eaj)- 
able electrician as the re<inned r(*sisteiiC(} must be figured out 
from tlie voltage of the circuit to be iised, tlie maximum battery 
current, the charging rate in amperes and the number of cells to 
be charged at one time. 

By far the siinple.st merhod of charging storage' batteries is 
by interposing a lamp bank resistance instead of tlie rheo.-^tat. 
These arc easily made by any garage mechanic and are very satis¬ 
factory for charging ignition or lighting batteries. Standard car¬ 
bon lamps of the voltage <<f the circuit .sliown should lie used and 
the amperes needed for charging can be controlled by vaiying the 
candle power and the number of lamps used. If the lamps are to 
operate on 110 volt circuit, a 16 eaudlc power carbon filainent 
lamp will permit one-half ampere to pass; a 32 candle power will 
allow 1 ampere to pass. If it is de,sircd, therefore, to i)a8s three am¬ 
peres through the battery, one could use 3-32 candle power lamps, 
or 6-16 candle power lamps. If the lamps are to burn on 220 volts 
. it should be remembered that when the voltage is doubled the 
i amperage is cut in half, therefore the 32 candle power, 220 volt 
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carbon filament bnlbs uill only pass half an ampere. The method 
of wiring is very simple as may be readily ascertained by re¬ 
ferring to Fig. 230. The line wires are attached to a fuse block 
and then to a double knife switch. The switch and fuse block 
arc usually mounted on a panel of insulating material such ns 
slate or inarbl<‘. One of the w’ircs. t1u* positive of the circuit, runs 
from the switcli directly to the pasitivo tenuhial of the storage 



Fig. 230.—Charging Storage Battery from Diri ':t Current. 

battol'y. The negative wire from the switch passes to the lamp 
bank resistanee. TJkj lamps an* placed in parallel connection witli 
respect to cacli other but in s(?ries connection in respect to the 
battery. When coupled in this manner the current must overcome 
the combined resistance of the storage battery which is very low 
and that of the lamps. This prevents the battery being charged 
with current of too high voltage. 

A complete commercial installation which has been used suc¬ 
cessfully with a direct current of 110 volts pressure and which 
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has a capacity for charging 30-6 volt batteries simultaneously is"* 
composed of two charging sets cither of which may be employed 
independently or hotli may be used at same time. The method 
of wiring is clearly show'u at Fig. 231. In this a three wire system 
is employed for liglitiiig. This consists of one positive w'jrc and 
tw'O negative conductors, forming in reality two separate circuits 
so that .one half of tlie installatioJi is on one wire, while the re- 
maind(*r is on the othej* two. An upper lu'aneli is used merely 
for illumiTuition. On eitluT half of the thr»‘e win? double circuit 
is placed a bank of lamps, tJiosc being in serh‘.s wHli the batteries 
hut tlio lamps are in innltiple with each other. The hoard at the 
loft has 9 sockets, that at the right 12 scH'kets. 3’lie number of 
lani])s jdaced in these «nnd their candle power regulate the amount 
of current in amperes that will pass ttirough the battery. As we 
have seen, battery maiinfacturcrs advise that certain miiiiminn and 
maximuTn charging rates be used. Assuming tliat tlie maximum 
is 3 amperes, to pass a curr»*ut of tliis value through the battery, 
it will be necessary to sen'w in 6-lC candle j)ower lamps which will 
average Tm watts each, vsbich means that at a prcs.sure of 110 volts 
they retpiire a current strongtli of half ampere. Tf fitted with 16 
candle power lamps the .12 .socket lamp bank will pass 6 amperes, 
and double ibis amount with lamps of tw'ice the candle power. 

The meter instaliation shown between the charging boards is to 
determine the amount of current ])assing through the storage bat¬ 
tery and as it is a low remling iiiKtriimetii, a low' resistance shunt 
is interposed so tliat any overloail will pass over the shunt instead 
of through the instrument whieli is calibrated to measure currents 
up to 30 ampere's. AVitli tlie small single blade knife switches in 
< irc\iit the current will not pas.s through the instrument, as it is 
not advisable to include this in the circuit permanently, because 
the passage of current through the windings may result in in¬ 
jurious beating. To get a reading from either side the single blade 
switch is thrown off and the double throw male member of switch 
is placed in contact between the blades on the aide of which a 
reading is to be taken. It will be seen that the wires are crossed 
at the right of the two-wfiy switch to ca\ise the current to flow 
through the instrument in the right direction and also to have 
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the negative terminal of each charging board at the left. This- 
eliminates any confusion and the terminals are plainly marked 
so it is not possible to iiiake u mistake when coupling batteries. 
’When more than one battery or set of cells is being charged they 
are wired in scries, the negative terniinal of one battery being 
cjoupled to the positive t(‘rminal of the* neighboring one. In con¬ 
necting a battery to the charging board the negative wire should 



Fig. 231.—Wiring Ditigram, Showing Installation for Charging Storage 
Battery from Direct Curront, Using Lamp Bank Resistance. 

4 

always be coupled to the negative terminal of the battery and the- 
positive wire to the corresponding battery terminal. 

Features the Edison Cell.—The instructions given apply 
only to batteries of the lead plate type and not to the Edison bat¬ 
tery, which is entirely different in construction. The Edison cell 
uses an electrolyte consisting of 21% solution of potash in distilled 
water so that the electrolyte is alkaline-instead of acidulous. Tlie- 
positive plates consist of a scries of perforated steel tubes which 
are heavily nickel-plated and which arc filled with alternate layers 
of nickel hydroxide and pure metallic nickel in very thin plates. 
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Tlie tube is drawn from a perforated ribbon of steel, nickel-plated 
and has a spiral happed sen?ri. After ])eing filled with active ma¬ 
terial it is rotinforet'd wilh oijjlit steel bands which prevent the 
tube expanding away from and breaking contact with its co7i- 
tonls. I’he negative ])lale consists of a grid of cold rolled steel, 
also heavily nickcl-jdated, holding a number of reciangidar pockets 
filled W'ith powdered ii’on oxide. These pockets an' aLso made up 
of finely i)<*rforated sle(*l, niekel-plated. After tlie pockets are 
filled they an^ inserted in the grid and subjected to eonaid(*ral)lc 
]u'essun* between <lies which enrrngatc tin* surfaces of the pockets 
and I'orees them into positive e<intfiet with the grids. These ele¬ 
ments arc housed in a. jar or container maile from eold rolled steel 
whicli is thoroughly welded at the .seams and lu'avily Tiickel-pbiled. 
The ])lale.s are assemhled in positive aii<) negative groii]>s by Jiieans 
of threaded steel rotis passing tlu'ough lioles in one corner of the 
jdates and insnlaiiiig \va.slu*rs. 'fhe t('riiiinal ]s)st is secured to 
the middle of the rod. The eou>j)Iete eletneiit or plate assembly 
stands on hind rubber brhlges on tlui bolPmi of tlie can and is 
ke[»t out t)f eonlaet with tlie sides of Die container by bal’d rubber 
spacers attached to Die end. Tlic can cover is also of sheet steel 
and contains fittings through which the eleetiodes pass, those being 
insulalcil from ttie cover by bushings of insulating nmt(;rial. A 
combined filling aperture and vent ping is secured to Die center of 
the cov(‘r plate. For G volt ignition and lighting service it is 
necessary to u.se 5 cells owing to the lcs.s(*r voltage of the Edison 
batteries. Tlie average voltage during discharge is but 1.2 volts 
per cell and is not as constant as is the case witli a Icrul battery, 
the voltage of wliicli may be as liigli as 2.5 volts ])cr cell. 

An Edison (i.u v<ilt battery used for lighting or ignition may 
be charged completely in ten hours. A feature of,the Edison 
battery is that overcharging at the normal rate has no harmful 
effects and it is lulvised by the maker to give the battery a 12 
liour charge once every GO days or when the electrolyte is re- 
jdenished. The electrolyte must be kept sufTiciently' Jiigli so as to 
cover the plates and any loss by evaporation must be compensated 
for by the addition of distilled \vater. .Another feature in which 
the Edison battery is superior to the lead plate type is that the 



40 


Winter Care of Storage Battery 


plains Avill not be injured IE the colls are allowed to stand in a dis- 
cliaifred eoii<Hlioji. The external portions of the cells must be 
kepi clean and dry because the container or can is made of a con- 
duetint? material. The vent caps Tnust be kept clos<.‘(I except when 
replacinj; electrolyte or brinirinjr the Ifvel iii> to the proper height 
by adding tlLstilled water. <^ire slionld be taken to avoid short 
circuiting of tlie batter}' by tools (u* metal obje(*t.s and sj»ccial em¬ 
phasis is laid on the pn>caulion tliat no acid or electrolyte con¬ 
taining acid be jMinri'd into the cells. It is said that the Kdison 
hattcry has a longer life tluui tlie lead idati* type of ctpial ca])acity. 

Winter Care of Storage Batteries.—U would not do simply 
to leave tlu* l)attery in llic car !‘or a period of, say, 4 (»r 5 months 
niil)«»ut giving it any care or attention, for in that; case at the 
(‘]id oC tlial. liim' it would l)e fouiul to liave iU ]>la1es so thickly 
euveivd nitli hM<l sulphate as to make i( pnu'lieally useless. For 
.storage batteries 'Mo ri-st is to rust*’ and heeoine j-iuikmI, unless 
special pn-eautions are taken. Antoniobilr* storagj* ])a1teries are 
all or nearly all of the .sisded-in type fr-oin whieli the (‘Icments 
cannot he remove»l witliont a great deal of tnnibh*. Therefore, 
the only nietliod of keejnng the plates intact cojisisls in charging 
tlie battery at intervals of about, two weeks. Tiu’ following ad- 
vic’ coiieerning the cant of baihu-ics during a protracted period 
of idleness of the ear is fine to the Willard Storage Batter.y ('o., 
and refers especially to the batteries of starting and lighting 


syst cms. 

At intervals of 2 weeks tin* engine should be run until the 
electrolyte .shows a. sp'ecitic gravity of 1.2S0. U tins is done regu¬ 
larly the engine need he run only about an hour each time. But 
if the owner should uot be In poss<‘ssioii of an hy<lro]ncter, it is 
hotter to run tt»o engine for 2 or 3 hours eaeli time, for the sako 
f)f safely. To charge the liattcry properly the engine should be 
run at, a speed corresponding to a car speed of about 20 mph on 
the direct drive. Thei'e may be cases, how'cver, where the owner 
is compelled to store his car in a spac<j where it is practically im¬ 
possible to run 11 h! engine. AYhere this is the ea.se, it is recom¬ 
mended, if electric current is a\ailable, tliat the ovvjier ijurchase 
a rectifier or small charging machine. A charge over night, or 
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for about 12 hours, cverj^ 2 weeks with tliis apparatus will bo 
sufficient to keep the battery in a liealthy condition. Before be¬ 
ginning the charging the battery should be iiiKpected to sec if it is 
filled with solution. If tiie solution needs rcjilenisliing, distilled 
Abater should be added until the solution fully covers the plates, 
which may be determined by removing the vent plugs and looking 
down into the cells. In case it is impossible to run the engine for 
charging and the owner does not care to incur the expense of 
purchasing a rectifier, lie should remove the battery from the car 
and arrange for its storage at a garage which has charging facili¬ 
ties, stipulating that it must be charged every 2 weeks. The cost 
of having it so cared for will be nominal and will prove excellent 
insurance against deterioration. 

To care for storage batteries of a type that is easily taken apart 
the following method is recommended: First charge the battery 
until every cell is iu a state of complete charge. If there should 
be any short circuited cells they should be put into condition be¬ 
fore the charge is commenced, so that they will receive the full 
benefit of the charge. Then remove the elements from the jars, 
separating the positive from the negative groups, and place in 
water for about 1 hour to dissolve out any electrolyte adhering to 
the plates. Then withdraw the groups and allow tiiom to drain 
and dry. The positives when dry are ready to be put away. If 
the negatives in drying become hot enough to steam, they should 
be rinsed or sprinkled again with clean water and then allowed 
to dry thoroughly. When dry, the negatives should be replaced 
in the electrolyte (of from 1.275 to 1.300 specific gravity), care 
being taken to immerse them completely and allow them to soak for 
3 or 4 hours. Two groups may be placed iu a jar and tbe jar 
filled with electrolyte. After rinsing and drying the plates are 
ready to be put away. 

The rubber separators should be rinsed in water. Wood sepa¬ 
rators after having been in service, will not stand much handling 
and had better be thrown away. If it is thought worth while to 
keep them they must be immersed in water or weak electrolyte, 
^and in reassembling the clectrolj'te must be put into the cells im- 
^Jmediatcly, as wet wood separators must not stand exposed to the 
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air for any unnecessary moment, especially when in contact witli 

plates. Storage batteries always should be stored in a dry place, 
preferably in one wlierc the teinpcrature wiU never fall below 40° 
Fahr. Storage battery solution or electrolyte varies greatly in 
density between tlie i)oiiits of cornph'te charge and complete dis¬ 
charge. When completely discharged the clcctrol>i:e of the aver¬ 
age battery has a specific gravity of 1.14, and a sulphuric acid 
solution of 1.14 specific gravity has a freezing point of about 10° 
Fahr. Therefore, if a eorapletely di.seliargcd battery is allowed to 
stand where it is exjiosed to extremely low teinjierature it is quite 
po.ssiblc for the electrolyte to freeze and tlu; cells to he injured in 
consi'queuee. However, as already ])oii)ted out, a battery for other 
reasons must not be allowed to stand in the discharged condition 
for any length of time. AVith increasing charge the density of the 
electrolyte increases until, wlien the charge is conqilete, it attains 
1.28 specific gravity. The freezing tenijx-ratiirc of the solution 
dr«)ps very quickly as the specific gravity increases, somewhat as 
follows: 


Siiec. (i rav. Frcez. Point Degrees 

1.14 .-f-10 

LKi .-I- .^> 

1.1 T.*! .— 4 

1.20 .—16 

1.225 .—.36 

1.25 .—60 

1.28 .—85 


Consequently there is no possibility of a storage battery being 
injured by freezing in this latitude if it is kept in a fair state of 
charge. 

Timer Defects and Restoration.—In any high tension ignition 
system the primary circuit eitlior of the battery or the magneto 
must be interrupted at stated times in order to produce the spark 
necessary to ignite tlic-gaseous charge at the instant of maximum 
compression or when the piston reaches the end of its up stroke. 
A timer is really a mechanically operated switch capable of es¬ 
tablishing a large number of contacts per minute without undue 
depreciation. The timer shown at Pig. 232, is used ou the Ford 
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motor and is the surviving type of numerous designs that Jiavc 
been made for this purpose. This device is soinetinu's called a 
^‘commutalor’* and consists of an aluminum case cij'oular in form 
and having a projecting busliing or passage through which the 
camshaft of the motor extentls. Tlie contact is established by a 
revolving arm which carries a roller that makes contact with seg- 
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Fig. 232.—^Tiiner Used on Ford Automobiles. 

incnts or blocks iiribeddc<l in a fibre ring which serves to insulate 
them from the metal parts of the timer. 

The number of contact segments and their placing depends 
upon the number of cylinders it is necessary to ignili;. On a four 
cylinder motor four contact blocks are used, spaced 00 degrees 
apart. For a two cylinder u\otor of the form ordinarily applied 
to automobiles but two of the blocks would be used, spaced on 
halves of the circle or degrees apai't. For a three <!.ylinder 
motor three contact segments would he needed, each separated 
from the other by a space of 120 degrees. On a six cylinder en¬ 
gine there would he one contact for each cylinder which would 
mean that the contact blocks would be separated by spaces of 60 
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dej^roos. Th(» rotary portion o£ the timer nsnally revolves at cam¬ 
shaft speed and slionld he limed in sneh a May that M'hen the pis¬ 
ton in cylinder No. 1 is at tlie top of its compression stroke the 
roller vill ho in contact with tlu5 segment tlnit is connected to No. J 
spark coil hy a win*. The arraiimmieiil of the romaininj? terminals 
det»onds upon flu‘ tirinjr order of tlio motor. For instance, if it is 
1, 2, 4, 3, tile jiext h*rminal in the direction of ndlor arm rotation 
would he conjiled to coil unit No. 2, that folhnnuj? to coil unit 
No. 4, and tlie reiiniininf? terminal to coil unit No. 3. 

■NYlum ii timer of fliis foi'in is nsed, i«?niti<tn is apt to he irregu¬ 
lar should the .spring attacla’d to tin* frei* .«M)d of the roller arm 
break. If tin; inlei'ior of the device is tilled with {lirty oil, the 
cnrnmt is apt to he short eirciiiled. If (la* device has been oiled 
with a Jnlnh'ant liaving lo(» mueh body, the roller is not apt to 
make good conlae} with Die metal segments and ignition will he 
erratic. Dejnveiatioii in tin* hearing j»in on which tlie roller ro¬ 
tates or of the fulcrum jiin on wliieli the rolJ<T arm swings M'ill also 
result in irregnlai* ignition. If the motor I’uns steadily at Iom’ 
speeds but misses fire at high speeds, and the troulile has been 
traced to llic timer, it is neceK.savy to fee] around tlie inside of 
llie liber ring with the finger to see that lids is smooth and per- 
f<vtly round, and that the eontaet block I’aees are tiusli with tlie 
surface of the ring. If the blocks are Avoru below the surface of 
the ring, the roller is apt to jump tin* .spaee at high speeds, due 
to the lotv hloek, and not eslahlisli an eli*elrieal eontaet. At huv 
speeds the tension of the .s^ming is .sufficient to keej) the roller 
bearing against the contact blocks, as it will follow tln' im'gular 
contour of tlie timer interior A\ilhoul diflieulty. If the segments 

arc badh'- worn and the fiber ring roughened, the timer easing 

should la* chucked in a lathe or grinding machine and the interior 
ground smooth and perfecftly round Mith a small emery Mlieel. 
The MTiler has se(*n some meehanies attempt to take a light chip 
out of tlie 1imer intiTior, as they Mere ignorant of the fact that 

the contact blocks M'ere of tnt>! steel ami hardened. A fast-running, 

frec-entting emery Miieel is 11 h‘ liest tool to use for smoothing 
doMii hardened steel segments. The stem or bolt attached to the 
contact block must jiass through a fiber Maslier or bu.shiiig in 
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order that it be insulated from the timer bod^i If these bushings 
crack, there may be au opportunity for leakage of current, espe¬ 
cially on the Ford cur, wlicrc the ignition cuiTeiit is derived from 
the magneto and is stronger than that tisually produced by a 
chemical battery. 

Another form of tinier is shown at Fig. 233. In this tlie 
contact is established between balls and a contacl roller. In or<lev 
to eliminate the wear that is unavoidable with plain bearing timers 
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Fig. 233.—Showliig Construction of Ball Contact Timer. 

the casing carries ball b(*arings which are used to support the 
central hollow revolving memlier. Some timers of the form shown 
at Fig. 232 are fitted with a plain bearing which wears after 
the timer has been used and which produces irregular ignition 
due to a poor ground contact. Battery timers of the forms out- 
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lined are soldom used at the present time, as they have been sue- 
loedod l)y the more efficient short contact types. A notable excep¬ 
tion to this almost "oneval rule is the Ford car, •which is manu- 
factured iji immense ipiantifios and which utilizes the roller con¬ 
tact timer pivvionsly desci*il)ed. 



Fig. 234.—Atwater Kent Uni-Sparkei System. 


One of the br.st linown «)C the short coiilnet forms of tinier is 
tlio Atwator-Keut, which is usually combined with a secondary 
distributor as shown at Fi". 2;i3. The met, od of placing tliis 
liming and distributing member in einniit is clearly shown in 
wiring diagram h'ig. 234. The advantage of a timer of the form 
shown, as eontrast(*d to tiie simple type previously <*onRidered, is 
that a one unit induction coil will serve any number of cylinders 
from 2 to 8, whereas with the roller type shown at Fig. 232 a 
separate induction coil is needed for each cylinder to b« fired. 
It will be observed that tlie coil used with the Atwater-Kent 
system has five terminals, four of these being primary terminals, 
one at the center of the coil box a secondary or high tension ter¬ 
minal. A set of .six dry cells connected in series is wired to one 
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Fig. 235.—Showing Construction of Atwater Kent Uiii-Sparker. 

the Atvvater-Kciit uui-sparl^*]’ is shown at Kij?. 235, A. In this 
a centrifugal mocJianisin is contained in the lower part of tlie 
easit^g by which the spark is automatically advanced as the s]>eed 
of the engine increases. 

The only points that will wear on a device of this character are 
the contact points which are clearly shown in the view of the 
contact breaker mechanism at B. The revolving shaft in the 
center has a miinber of notches, two, three, four six, or eight, 
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apcortling lo the iivimhi*!’ of cylimlors to be fiPtnl, cut into it. A 
light, hardened steel trigger is held against the shaft at this point 
by a small spring. On turning Iho shaft tliis trigger is carried 
forward by the notches in the shaft, and is suddenly released as the 
liook end leaves the notch. In so doing the hack of the trigger 
strikes a small pivoted haninioi* situated between the trigger and 
llie spring carrying the contact i>oiiits. Tliis causes the contact. 
f)oints to open and close with vemarkaldo rapidity, but one contact 
being made for each si>ark. AVhen it is desired to adjust tluj plal- 
ininn contact ])oiiits, as when tliey show signs of wear, it i.s only 
lu'ccssary to reinovo one or more of a iinnibcr of (‘xtrenudy tbin 
washer.s und<*r the head of llie adjiistuMuit sen'W and to replace 
the screw. The contact points sliould he absulutcdy clean and 
bright and have simM)lli eontaeling siirfaecs. ^I'hc disirihnlov por- 
lidiL of tlio device eoiisisls of a .hard rnbhcr block fitted lo the 
li^p of the prijnary shaft, this eurryijig a brass riuadraiit that 
passes the high tension eniTcnt lo the spark ])lngs by means of the 
lei’iiiinal taunts inihedded in the li(‘nn.splicrieal cover. There is no 
actual contact ]>c(wcoji the rotating ((uailrant and the di.stribulor 
points, as the higli tension current is eapahlo of jumping tlie very 
slight gap that exists hetweeii them. 0>\ing to there heiiig no act¬ 
ual contact, there will ho no doproeiation in tlic distributor or 
upper portion. The center terminal, which is in conncetioii with 
the induction coil, is a conilunatiou of eurhon and brass, and u 
liglit, flat spring on the quadrant hears against it to maintain 
positive electrical coniieeti»»n. Tlie distributor c( vc-r is easily re- 
Jiioved without the use of tools, ns it is held oy spring cli])s. 
fjocalion or doAvel pins iJi its lowm* edge insure that it will be 
replaced in the correct po.sition. 

One of the most ])opn]ar of tlio combined starting, lighting and 
ignition systems is the Delco, which is shown at Fig. 236. For 
the present we will concern ourselves merely with discussing the 
ignition functions of the system, leaving the self-starting and 
electric lighting features for more comprehensive consideration in 
the following chapter. Current is produced by a one unit type 
motor-generator, although the windings of the device when oper¬ 
ated as a motor or a generator are entirely separate. The ignition 




Fig. 236.—The Delco Ignition, Motor Starting and Gar Lighting System. 
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urrcnt is ubluiucd either i'lwm u storagre battery whieh is kept ia 
I slate of charge by tlic generator, or from a set of dry cells 
rvhich are carried for reserve ignition. The ignition system con- 
;ists of a one iniit non-vibrator coil, sometimes attached to the 
op of the motor gimerator, as sliowji at Fig. 236, though it may 
>e placed at any convenient part of the car and- a dual automatic 
iistribntor and tinier usually included as a part of the device 
IS shown. Wlieu ignition current is supplied from the lighting 
•ireuit the current yiasses from the storage battery through a switch 
nid out to the low tension winding of the coil, from whence it 
masses to the timer and from there 1<> the frame, where it is 
zroimded. Tlie high tension current generated in the eoil runs 
o the distributor, where it is switched to the s|>aik jilug in the 
lifferent cylinders in turn. 

AVlieu dry ceils are us<*d for ignition the operation is the same 
‘xcept that a fleviee called “the igniti<»Ti relay,’' and shown at 
llie right <tf Fig. 2.3S, is added to the eireuit. The funetion of 
this device is to bri'ak the circuit immediately al’ter it has been 
ronipleted by the eoiilact imiuts of the timer, wliieh is shown at 
file left. The use of the ignition relay results in a material saving 
of tlu battery curnmt as tlic eireuit is closed a much shorter time 
than is the case when the circuit is broken by tlie timer contacts 
tliemselvcs. The operation of the relay is not difficult to under¬ 
stand. The magnet A attracts the armature li when the circuit 
is completed through the timer. This action opens contact C and 
breaks the timer circuit. A condenser D is nioiu ted besides the 
magnet coil A, in order to absorb the current produced by self- 
induction in the magnet winding, which would be apt to produce 
a hot spark between the contact points when they were separated 
if no means were taken for its disposal. The adjustment of the 
relay is at the pole piece E. This regulates the distance between 
the armature B and the magnet pole, and the gap between the 
contacts C. The adjustment is made by turning the notched head 
at E clockwise to increase, anti-cloekwise to decrease, the gap be¬ 
tween the contacts. The correct distance between contacts C when 
the armature B is pressed down is equal to approximately the 
thickness of one sheet of newspaper. A very simple way in which 
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the adjustment can be made when the engine is running on the 
battery is to tTim the notehwi head of the i)ole piece in the counter¬ 
clockwise direction until the motor ceases to fire, Tlien turn it 
four or five noteh(‘s in. the opposite direction. Under no condi¬ 
tions should tlie adjustnient screw bo turned very far in either 
direction. Tf Die armature vibrates ft'etily when tlu^ starting but- 



Tig. 237.—Some of the Regulating Devices Used with the Delco System. 


ton is pressed it iudieates eiDier weak dry cells or dirt between 
the r(‘lay or timer contacts. 

Tlio interior arraiigi'iuont of a timer for both dry colls and 
storage batt(‘Ty current is shown at Fig. 238. The cam C is 
driven by a rotating’ shaft and establishes contact between the 
points when the cum rider rises on the point of the cam. Wlien 
tlio cam rider drops into the notch between the high poiuls the 
contact^ points separate. The same instnictioiis that have been 
given for the contact points of the Atwatcr-Kont timer apply just 
as well in this case. While the contact points are but one-eighth 
inch in diameter, it is said that many thousands of miles of service 
r.my ho obtained without readjusting. It is important that the 
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contact spring, which is the straiglit one carrying the platinum 
point, sljoiild have a good tension outward against the cam rider 
member holow it. Tt is said that this spring sliould bo capable 
of supfmrting the Mtnght of half a pound. TC the tension is not 
.siirficienlly great the contact points barely break contact which 
j>ei*mits the spark 1o arc; hetwceii them, tending to burn them. 



Fig. 238.—Shott Contact Timer and Ignition Belay Used with the Delco 

System. 


The contact should he so adjusicd that the contact spring is 
fon-ed away from th(‘ breaker niember al. least half the distance 
of the T-slot on the vertical part of the cam rider, W'hcu the latter 
is on the contact lobe of the cam. Tlio contact points should open 
about ten onc-lhousandths (.010 inch) inch when llie contact arm 
rests upon the back stop. The contact arm should clear the cam 
except at the contact lobe. A short wire connects the two posts 
of the breaker arms and this connection should always be in.spected 
when making adjustments to insure that it has not been disturbed. 
It is said that if tliis wire is disconnected the current will pass 
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through tlie contact spring, impairing its tension. Whenever the 
contact points are cleaned earc should be taken to have the sur- 
I'aces parallel. 

In some oh the Dclco ignition systems an automatic spark ad¬ 
vance mechanism is used. The usual method of wiring when the 
distributor is a s<'pjn‘atc member frojn the gcjjerator is shown at 
A, the left of h’ig. 237. Tlie construct ion of the juitomutic spark 
advance mechanism is shown at It. Tu this tlu; shaft Avliich trans¬ 
mits motion to tlu* timer is in tlu; form of a tube T. revolved by 
spiral gears. An inclined slot is cut through the walls of this hol¬ 
low driving member. A smaller shaft, is carried inside of the 
hollow menibrr. and a vertical sl(»t is cut Ihrougli this sluift in 
order to permit a pin tu pass lliroiigli it, said pin being uetuated 
by a collar adapted to slid** uj) aiul down o)i tlie outside of the 
Jjollow tiriviug shaft. The pin passes through holli Tlie straiglit 
slot in the small shaft and the i)udine slot in the hollow driving 
mcnihcr. If the collar liolding the pin is iiu)\(*cl It will change its 
aiigulur relation with tlu* small shaft whicli will ad\ancc tlu* tim¬ 
ing cam of the eoutact breaker. The collar is sliifte(l by a spring 
loaded revolving ring K, which moves froju the i>ositioii showui in 
tlie drawing to a horizontal {msition as the speed iucrcuses. This 
ring is connected to the sliding collar and causes it to rise, ad¬ 
vancing tJie spark as the engine si>eeds up or to fall, retarding 
the spark as the engine speed decreases. If desired, the spark 
timing may be coutrolled independently of the automatic advance 
mechanism by a, spark lever connected to the corresponding mem¬ 
ber on the steering ■wheel. 

Ill some of the Dclco systems a voltage regulator such as showm 
at C, Fig. 237, is used. The function of this device is to prevent 
too much current flowing to the storage battery when the engine 
is running at high speed. As the voltage of. the storage battery 
will vary with its condition of charge the intensity of the magnetic 
pull exerted by the solenoid A upon the plunger C varies and 
causes a contact attached to the plunger to move in and out of the 
mercury which is contained in the bottom of the mercuiy tube B. 
When the battery is in a discharged condition the plunger C as¬ 
sumes a low position in the mercury tube, and when in this posi- 
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tion llie coil of resistance wire carried upon the lower portion is 
imiuerscd in the mercury, and as the plunger rises the coil is 
witlidrawii. As tlie plunger is witlidrawn from the mercury more 
resistanc<^ is tlirown into the circuit and tlie greater resistance 
causes the amonut of current flowing to the battery to be grad¬ 
ually reduced as the battery uoars the state of complete charge 
iinlil finally the plunger is almost completely withdrawn from 
the mercury, throwing the entire length of the resistance coil into 
the shunt field cireuit, thus causing an electrical balance, between 
the battery and the generator and eliminating any j)nssibility of 
overcharging the battery. A d<*siTiptiou of the voltage regulator 
follows: A H(ilein>i<l coil A surrounds the upper half of a mercury- 
containing tube B. A plunger (1, comprising an iron tube with 
a coil of resistance w'irc K wrappo<l around tlie low('r i)ortion on 
top of mica insulation, is a(la]flcd to be drawn up into the sole¬ 
noid as the battery cuprent increases in sireiigth. One end of thv; 
resistance coil is attached to the lower end of the tube, the other 
end being connected to a rod B in the center of tlu* plunger. The 
lower i>oi’tion of tbe mercury tube is divided into two concentric 
wells by an insulating member, the plunger tube being partly 
immersed in the outer wtU and the rod in tbe inner w'cll. The 
space in the mercury tube above the jtuu'cury is filled with a 
special oil, which seiwcs to lubricate the j)lunger as well as i)ro- 
tect tbe mercury from oxidation. The device is connected to the 
shunt field of the generator so that the current must follow a 
path leading into the outer well of mercury through the resistance 
coil II to the rods carried at the center of tin plunger, from 
thence into tlie center wcdl of mercury and out of the regulator. 
The more the resistanec coil K is pulled out of the mercury the 
more resistance is interiwsed in the field circuit and a smaller 
amount of the generator current is going to charge the storage 
battery. 

It will be noticed that in the wiring diagram shown at Fig. 
236 a protective cii’cuit breaker is attached to tbe switchboard. 
The function of this device is to open the circuit between the 
source of current supply ^generator and storage batteiy) and the 
current consuming units (lamps, horn and ignition apparatus) 
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if one of the wires lending to a current cousumiug unit happens ^ 
to become grounded. Uuder such a con<iition an excessive flow 

uf current is pussihle uii account of the lessened resistance of the 

circuit. Such a flow goes through tlic winding of the circuit 
lireakiiig relay or protected circuit breaker, winch produces a 
magnetic pull that opens the contact and cuts oflP the current 
supply. As soon as the contact is opened the magnetic pull 
ceases and the contact is closed again, re-establishing tlie magnetic 
pull aJid again opening the cmitaet. Tin* circuit breaker will 
continue to vibrate until the ground or short circuit is located 
and corrected whenever any one of the switches controlling the 
current eonsimiiiig units is pushc<l in to cstablisii a circuit. The 
function of this protecti\c circuit breaker is the same as a fuse 
block and fuse exeej^t tliat it is not necessary lo heep n*plaeiug 
fuses. \ 

Battery Ignition Systems.--because i f IIm* almost uiiiversil 
employment of electricity for lighting and starting systems, thft 
battery ignition system has been improved materially inasmuch 
as the storage battery supplying tlic current in constantly charg(‘d 
by a gojjcrator. A number of systems has been devised, these 
operating on two dilTcrenl iirinciples, tlie open circuit, such as the 
Atwater-Kent, previously desj-ribed. and the chjsed circuit. An 
example of the closetl circuit system is sliown at C, Fig. 2J19, and 
is of Conuectieut design, the complete ignition system consisting 
of a combined timer and high tension distributor, a separate in¬ 
duction coil and a switch. Tlie system is distinctive in that the 
timer is so constructed that the primary circuit of the coil is 
permitted to become thoroughly saturated with electricity before 
the points separate, with a result that a spark of maximum in¬ 
tensity is produced. Tin* action is very much the same as that 
of a magneto on account of the saturation of the winding. An¬ 
other feature is the incorporation with the switch of a thermo¬ 
statically operated eleetro-magnetie device wliich automatically 
breaks the conneclion between the battery and the coil should the 
switch be loft on with the motor idle. 

The contact breaker nieehainsm consists of an arm A carrying 
one contact, a stationary block B carrying the other contact, a 




Fig. 239.—Typical Short Contoct and Closed Circuit Battery Ignition Systems. 
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fiber roller R which is carried by the arm A aud c 
OQ the cam C, which is mounted on the driving 
the contacts are held together under the action o 
As the four cams, which in touching the rollf' it i 
separate the contacts, are 90 degrees for n four’ 
the period of saturation of the coil or the length 
rent flows through it to the battery is sufficient'; 
when the jMiints have separated the current wh 
up induces an intensely hot spark at the plugs, 
vantage inasmuch as it insures prompt starting aud 
at low engine speed as well as providing positive 
engine speed. 

The thermostatic circuit breaking mechanism 
This consists of the thermostat T, wliicli heats v 
passes througli it for from thirty se'^ 's to four 
interruption, and thus is bent ’ 1, making^ 

contact L. This comph .^eal circ!’’t 

the magnets kl, caiisir A to operate 

an electric bell. Tin iikcs against the pla^ 

whichever of the t* »ons in the switch may 

As \vill be ' .1, the Iransftiriner coil 

terminals. Or ihese is coiinecteil directly 
the other leads to the central secondary distributi 
limer-distributor. Of the throe primary leads, c' 
sw'itch, one to the wire leading from the storage 
timer, and one directly to a terminal on the timei ' .nc 

is provided with tlirec bnttoii.s. the one marked B being depresse 
to start the engine, as the ignition current is i\um drawn from th 
storage battery. After the engine has been started the buttoi. 
marked M is pressed in, this taking the current directly from the ‘ 
generator. To interrupt ignition the button ‘‘off” is pressed 
this releasing whichever of the buttons, B or M, is depressed. Pour*, 
wires run from the distributor section of the igniter to the spark 
pbig. 

Tlie Remy system also operates on the closed circuit princip. 
and is sliown at A, Fig. 239, in a form adapted for six-cylindei 
engine ignition. The transformer coil is of the three terminal type, 
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Spark Plug Construction 

m order to form a seating for tl^tral seeoiitlary distributing brush 
at A is the type of ping most jg joined to the primary contact 
effective design. It is easier i of the igniter. The remaining coil 
of the body than in the foy^tch. One of the poles of the storage 
ejid and whicli must he dis»i.i(>g qC dry connected cell batteries are 
doi>osit from tlic iiisiilti[|ie other two the wires mu to the switch 
a very fine wi*, (.yiyrent may thus be derived either from the dry 
■whicli is in emergency or frtun the stoi*age battery for regular 
to transmit i loses. The constniction of the timer which ineor- 
The theory o mechanism is clearly shown. Tlie movable 

is not so point is earried by t)ic arm A, which fnlcrnms 

trode forms which has a jiieee of hard steel P riveted 

that niiglit sIk ^ ri(Jer. Tlie cam 0 is of hexagonal form, 

1 he pings s. ^vhieh separate the contacts when they ride 
porcelain. AVIup attaelic'd to the arm A. The fixed plfitinum con- 
amind tho (‘<* 11 ^ arranged that it may he adjusted by moving 
of mica ^misIuts jn^ifions demand. It is to this member that the 
form a smooth the coil is connected. * 

heted using timer distritmtor known as the Ilalladay 

gent'ral prineipl pjg 239, The make and bn‘j’| mechanism is very 
lator instead 'd‘j,g the distributing niCv^** mi. The contact 
porceUiin iii^id.^pitinniu points is established by a four point cam. 
insulators ore y current is distributed from the central terminal to 
to short terminals by a carbon brush very much simi- 

o| Jumping to that employed in a high tension magneto. This 
operates on the open circuit principle. 

Spark Plug Faults. —The part of the ignition system that is apt 
to give the most trouble, and for the most part through no faulty 
of its own, is the spark plug which is placed in the combustion 
chamber in order to permit a spark to take place between the 
electrodes whenever it is necessary to explode a charge of gas. 
Spark plugs are made in infinite variety, some representative sim¬ 
ple forms being shown at Fig. 240. Those in section at A, B and 
C utilize a porcelain insulator through which a central rod or 
electrode passes. This terminates at the top in a tJircaded mem¬ 
ber, to wliieJi the thumb nut is screwed. In most plugs using 
porcelain insulators a cap is cemented to tbc top of tlic porceliin 



Fig. 240.—Showing Construction of Typical Spark Plugs. 
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Spark Phig Coruttrvction 

311 order to form a seating for the thumb nuts. The form outlined 
at A is the type of phig most generally used, as it is a simple and 
olfective design. It is easier to clean the points or the interior 
of the body than in the form shown at 13, which has a closed 
end and which must be dismembered iu order to remove the sooty 
deposit from the insulator surface. The tyx>e of plug at C has 
a very tine wire iinliedded in the lf)wer ])ortiou of the porcelain, 
which is in connection with a condiiotor of heavier material used 
to transmit the current from the lermiual nuts to the fine wire. 
The theory of action of a plug of this nature is that the ^ine wire 
is not so aT>t to he short eircnitcd hy soot as tlie projecting elec¬ 
trode forms are, and that the spark tends to clear asvay material 
that miglit short circuit the current by burning it. 

The plugs shown at 1) and E have mica insulators instead of 
porcelain. AVheu mica is ns(.*fl a sheet of that jiiatei’ial is wrapped 
around tlic central electrode s<>veral limes, aiter whieli a series 
of mica washers is clamped tightly together and turned down to 
form a smooth insulator. Tlie plug at E is the only one mar- 
kete<l using gla.ss insulation. Other i>lng forms made on the same 
^general priueiides as that at A use lava or steatite as an insu¬ 
lator instead of the porcelain or mica. For all-around service the 
porcelain insulator gives the best results, as the mica and lava 
insulators are apt to become oil soaked and permit the current 
to short circuit through the insulator and the. plug hoily instead 
of jumping the air gap. Another* representative ft>rni of spark 
plug showing the proper space betwecji the spark j. )ints is shown 
at Fig. 241, A. 

The ping at B is one that combines a priming feature and is 
intended for xiae in engines of th<5 Ford type in which no pro- 
^vision is made for using ]>i‘iining cups or eom|>ression relief cocks. 
The plug body is formed iu sneJi a way that a needle valve fitting 
may be screwed into it, this being int»'n(h‘<l to close a passageway 
eomnnmicating from a channel aroinnl the top of the ping body 
to the interior of the i>lug body. It is said that if this needle 
valve is opened for a Jiiiiinte or so while the engine is running 
that there wdll be a tendency to clear the plug points of any l<iose 
oil or carbon. The comi)ressiou may be relieved by openinsr the 
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needle valve, and if it is desired to inject gasoline into the cylinder^ 
to promote easy starting this may be easily done by filling the 
channel or groove on top of the ping body with the fuel, then 
opening the iiocdhi valve to allow it to pass to the plug interior. 
The gasoline will run down the walls and collect around the 
spark points, wliere it will be readily ignited by the spark. 



Fig. 241.—Spark Plug witb Priming Arrangement and Two Pole Spark 

Plugs. 


It is sometimes desirable to liave two sparks occur in the cyh 
• mder at tlie same time, especially on engines of the T-hcad form 
used for racing. One spark plug of the special form shown at C 
is used in connection with a regular spark plug of tlie form shown 
at A, the special ping being placed first in the circuit and joined 
to the regular plug by a length of wire bridging the free terminal 
of the plug at C with that on top of the insulator of the regular 
j)attern. A.s tlie plugs are in series, the current must jump tiU| 
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Locating Defective Spariz I'lug 

A gap of both plugs and tlms two sparks occur, which is said to 

iucrcoae power by accelerating llie ratfi of flame propagation, whicli 

of course results iu more energetic ignitiou. The insulator is 
shaped to form a double V, the sides being slightly concave and 
larger than the center V, whieli ends in a sharp point. This con- 
' struction is said to cause the point to h(* .self-cleaning by the e.\- 
idosion. Two eleetrodes pass through tlu‘ insulating member in¬ 
stead of one, those being insulated fioin eaeli other and the ping 
body as w’cll. The high tension eiiriMOit enters one terminal and 
''l)asses down one of the clcotrodivs. .iurnj)s the air gap, and can 
only reach the ground if the terminal eonneoled Ut the second 
(•leclrode is in electrical connection with the terminal of an ordi¬ 
nary form of spark jdug or if it is bridged down llie phig body 
by the keeper B. ‘When this keeper is in ]>laee, as indicated, tlie 
‘ ping will act the same as a single clectroih; spaiker. When the 
pin*' is to be used for double ignition in conlleetion with one of 
tlu* regular forms, tlu* k<‘eper B sliould ])e removi*d and a short 
wire used to join th(‘ terminal to winch the keeper was attached 
to the lermiiml of the regular i)attorn spark plug. 

^ Spark plug troubles are not Jiard tt) locate, as they may be 
readily determined (ju in.speclion. Tf an engine misses fire, i.e., 
runs Irregularly, it is necessary to locale the sjjark plug at fault 
iu order to remove it f<'r iiispectiou or cleaning. 'Die common 
me1ho(j of iloing this is to short circuit the s[»ark plug terminal 
with some metallic portion of the engine by using a wood handle 
’ screw driver, as shown at Fig. 242, A. Kach plug s tried in turn, 
and when a gone! one is short eircuiled the engine will run even 
slower than b(;fore. Tf a plug is sliort circuited and the engine 
docs not run any slowei* or work differently, one may assume that 
^he plug is defective or tliat the cylinder is not firing for some 
other reason. A very simple spark i>lug tester which can be made 
by any repairman for use on cars employing magneto ignition or 
high tension battery-distributor ignition, is shown at Fig, 242, 13. 
This consists of two strips of brass riveted together at one end and 
fitted into a fiber or hard rubber handle. The brass strips are 
spread apart so that contact may be made between the plug body 
and insulated central terminal of practically any size plug. When 
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Fig. 242.—Showiog, Methods of Testing Spark Plug and Adjusting Air 

Gap Between the Electrodes. 


a four-cylinder or six-cylinder engine uses individual spark coils 
for ignition, it is possible-to detect the missing cylinder by holding 
down the coil vibratoi's witli the fingers, leaving the engine to run 







Spark Plug Troubles 

on one of the coil units or one cylinder as tlie others arc out out. 
Kaeh coil unit is tried in turn, and wlicn all others arc rendered 
inoperative except tlic defective one or the coil leading to the 
dcfcclivo spark plug^ tlio ciigiiio will stop. The wire leading from 
llic spark coil is traceil to the spark plug, ajjd that member re¬ 
moved for exainiualioii. Tlie ctoniiiu)n Irouhle is a deposit of burnt 
oil or carbon around the ijisnlator and between the plug points. 
Tliis short circiiils the current as it provides an easier path for 
tlio passage of cleetrieity than the air gap does. If the points 
are too close together the plug will beeome short circuited very 
(piiekly and ignition is ai>t to l»e erratic hecaijse the spark does 
not have sut’lieieut In-at to ignite the mixture. Jf the spark points 
arc too far apart tin* resistance is apt to he too great for the 
eiirrcnt to jump llic air gap. The j>orct“lain may craek or be- 
< oruo broken, in whieli ease the cui’mit is apt to short circuit if 
1)03 break is down in the plug body. If a nlica or lava Jusulatoi 
biK'ODies oil soaked, this also will ]>roduce short oirciiit. 

Most plugs are (t\‘ the easily sei)arahle form, as shown at Fig. 
240, A, ill wliich case tlie insulator may ho easily removed by 
unscrewing the ]>aeking nuts that keep it seated against the plug 
body. If tile plug i.s clean when examined the thing to do is to 
see that the spark gap is cmrect. Tliis should be about oiie- 
thirty-second inch. Whenever a spark plug is to be put into use, 
whether it is a new oue or old one which has been cleaned, the 
spark points should always be sot so there is c. gap of about the 
thickness of a smooth ten-cent piece between them. The method 
of obtaining a correct .sjiark gap depends entirely upon the type 
of the plug. In the plug shown at Fig. 242, (’, which has a plate 
at the end, it is necessary to bend over the center stem by using 
H small screw driver or similar tool as indicated. With a plug 
of tlie form shown at D the center stem is bent the proper dis¬ 
tance away from the small hook-shaped ^vire or electrode which 
projects from the bottom of the spark plug body. Tu some plugs 
it is easier to bond the central stem than the side electrode, as the 
latter is of hard material, whereas in others it is not possible to 
bend the central electrode and the point attached to the plug body 
must be bent instead. It is important when replacing the por- 
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celaiu insulator after oleaning to make sure that lliu packing nut 
is drawn down quite tight in order that the joint will ho tight 
enough to hold tlio explosion pressure. It is also necessary to 
screw' dow n the small hexagon lock nut on top of the spark plug 
porcelain, as if this is left loose the center stem of the plug will 
be free to lurn in the porcelain, especially if the tlniinh nut or 
terminal is being tightened. Tt will be apparent that if the center 
stem is bent over tow’ard the side electrode in tin? manner sliown 
at D, that if it is turned a very small part of a circle the size of 
the gap between the center stem and side electrode will be altered 
appreciably. If the poreclniu is found covi*rc»l with oil and car¬ 
bon when removed, it should be thoroughly clcane«l, care bi'ing 
taken not to scratch the glazing on the porcelain surface, as it 
this glaze is destroyed it w’ill be ])ossibh; for the porcelain t(» al>- 
sorb oil. The interior of the plt*g body and the elccfrodis slionhl 
also bo scraped clean of all carbonaceous matter. If the iHircolain 
is scratched or defaced in any manner it should bo replaced witli 
a new one. If the plug is apparently in good coiidilion and yet 
the cylinder refuses to fire, it Tiiay be well to sul)slitute the plui: 
with oriu known to lu* in goo<l condition, as there may he some 
minute short circuit in tlic porcelain lliat is not apparent upon 
inspection. 

Plugs using jnica insulation arc very deceptive, as in many eases 
short circuits exist lliat cannot be detected by the cyc' in dayliirlit. 
A good way to test a suspected mica plug is to lay it on top of the, 
cylinder after dark, taking care not to hav<5 tlio insulated terminal 
in contact with any metal parts except the bigli tension current 
lead. Tlie engine is then run on the other cylinders and the 
insi<le of the spark plug watched to see if si)arks jump betwetm 
the insulator ami the plug body, instead of between the points. 
If a short circuit exists it will be easily detected by the minute 
sparks plainly evident in the darkness. It is sometimes possible 
to test a plug out in daytime by shading it from the light in some 
manner, as with a black felt hat. After the spark points have 
been set correctly, it is well to double up a piece of emery clotli 
with the abrasive surface on the outside, as shown at Pig. 242, B, 
and move it back and forth between tlie plug points a number of 
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times to briglilen them up and to insure tliat there will be no 
foreign matter present between them that is apt to short circuit 
the current. An old tooth-brusli and gasoline are the best tools 
for cleaning a apni'k plug without taking it entirely aj)art as stiff 
brush bristl«*s will remove any oil or material soluble in gasoline. 
Acetone is a solvent for carbon, ami if that inat(‘rial is not baked 
on to«» hanl it is possible to remove the de[>osit without scrapiug 
it oil'. 

Many cases of ignition trouble have been traced to the use 
of improper spark plugs or to faulty location of these members. 
Mnnufaeturers of .si)ark i)lugs have* given the matter of location 
considerable thought during recent years, and tlie endeavor is to 
produce a i)lug specially designed or adapled for the motor for 
which it is to be used. The spark plug shell or base is coiislnicted 
so the spark points will project into the combustion chamber. 
It is also important to make provision for proper cooling of the 
spark plug. This last named factor is an important one that is 
seldom given ccuisideratioii by owners or repairmen who change 
the spark plugs without making sure that they are adapted to the 
motor. To obtain the greatest efficiency from the explosion it is 
iiu[iortant that the spark points project into the combustion cham¬ 
ber in such a way that tljcy be surrounded with cool fj’csli gas. If 
the gap of the plug is loeateil in a recess or ])(>ckel, as indicated 
at Fig. 24.3, A, deail ga*s is apt to accumulate about the points, 
axid combustion will be mueli slower than it would be with the 
spark plug located as at 1). It will be evid> nt that with this 
coiistruetioii of the valve cap the spark i)oints project into the 
induction chamber, permitting the spark to take place in fresh 
mixlure and projiiote rapid spread of tJie igjiilioii llaine. Aiiolher 
faulty juouuling when a plug is located directly in the combustion 
chamber is shown at C. It will bo apparent that with a projection 
from the plug body having a space around it in which the hot 
gases may collect, the ping will heat up much quicker than the 
mounting shown at D in which the heat will be conducted away 
by the cooling water. A plug that becomes heated will tend to 
soot up and carbonize much quicker than one in which provisions 
have bjen made for proper cooling. 
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Fig. 243.—^niustrating Proper and Improper Methods of Spark Flag 

Installation. 


Induction Coil Faults.—The higli tension imluctioii coil is one 
part of the ignition system tliat can seldom l>e repaired outside 
of the factory, lii tlie first place it is not possible to reach the 
interior parts of an induction coil hecansc the windings and con¬ 
denser are usually im])edded in a hard insulating compound that 
has been poured into the coil box in a molten condition, and 
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w’hii'li bcoomos ns liard as slono wIiojj it sfts. Tho only part of. 

iiii induction coil Unit la postsildc lo correct is raulty vibrator 
action, and fortunately the vibrator is about tlie only part of a 
well-made coil that demands attention. If tbe vibrator does not 
buzz wlicn tlie circuit is closed at ihe timer ajid the wire loading 
from the timer to the coil unit ifi found in good condition, the 
trouble is due to a broken coniH‘»tlion inside of the coil box or tbe 
contact points do not loucli. If tlie vibrator ojierutes as it should 
and there is an extremely bright spark between the points and 
a weak(‘ncd sec.ondary spark, it is reasonable to assume that the 
condenser inside of the coil 1 k)x is ruptured. 

If there is a [iroper viliratioii or buzz at the vibrator and no 
secondary spark from the liigli tension b'rniinal. the trouble is either 
a broki-ii Jiigli tension connectioji or a sliorl circuited se<*ondary 
winding. Soimtimcs a wire inside of a coil is twisted oil where 
it fastejis to the terminal screw, due to that member being turned 
around several revolutions with a pair of pliers. A case of this 
kind may be iixod by removing the Inittom or top of tlm coil box, 
as the case maj" be, and making .sure that tho connection is re- 
soldered to the terminal ])ost. A punctured winding or .short cir- 
cuil.'^d condenser caji only be rejiaired by tlu' coil manufacturer, 
and ill most eas(*s il i.s cbcajuT to procure a new coil unit, which 
is easily removed in modern coils, limn to attem]>t to have the old 
one rt'paired. 


When a coil unit is suspected of being defective it is easy to 
ascertain if this is tho case by changing it foi one of the coil 
units which is known lo lie in good comlition. Tf the cylinder 
which was formerly served by the good coil unit now begins to 
skip, one may assume that the coil unit is at fault. Tf the trouble 
has not been due to other cause's, tho cylinder that was formerly 
at fault wall begin to operate as it should as soon as the spark 
r>lug is connected to the good coil unit which has been substituted 
for the one thought to be defi'etive. 

Adjusting Coil Vibrators. —Tlie repairman who understands 
the vibrating spark coil is the exception rather than the rule. 
Many are able to adjust a vibrator, but do not know' how to locate 
troubles, or to remove the exposed component such as the bridge, 
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vibrating spring, etc., and reassorablc the parts corn'clly. If the 
vibrator buzzes weakly wlien contact is made at the timer, the first 
thing to do is to test the battei^" to make sure that there is suffi¬ 
cient current available to operate the vibrator, them the contact 
points should he examino<l to sec that they arc ch'jiu and smootli* 
Various defective conditions ^re shown at Fig. 244, A ; any one 
of these will interfere with correct contact aud with proper vi- 





Flg. 244.—Care and Adjustment of Vibrator Contact Points Outlined. 

brator action. At A-1 a i)it has been burnt in tlie lower point 
and a projection has been built up on the upper one. At A-2 
the points have been cleaned with a file which lias been inserted 
at an angle so the contact members do not Iiave a true flat surface. 
At A-3 a point has been biiilt up on one side of the contact of both 
vibrator springs and contact screw points. As these contact points 
are of platinum it is important to remove as little of that valuable 
material (which is pow worth more than gold) as possible. 
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Adjusting Coil Vibrators 

For this reascm it will be desirable for a repairman working 
on cars using vibrator coils to provide himself with the fdmple 
fixture shown at Fig. 244, 1^, whieli insures that the points will 
be dressed true w'ithont removing much material. The fixture is 
a simple U-.shjiped piece of hardened steel having a series of lioles^ 
A, R, 0, drille<I into it of such size as will permit the insertion 
of the most commonly used sizes of vibrator adjusting screws. 
Tliese are not. threaded, the screw F being a free tit in ibe hole 
.corresponding to the ontsidi* diameter of the thread. A feed screw 
E may be inter^msed under tin* ad.justing screw in order to feed it 
up against the smooth fih* used to cJeaji off tin*, roughness. This 
screw may be sliil'te*! into any one of llie tai)ped poles under the 
liulcs A, 13 and (’ for feeding ditferent sized conta<*t screws. 

Tlie conventional viln'altir is sht>wji at Fig. 244, and another 
form at Fig. 215. It will be noticed tliat this consists of a vibrator 
sprijig or nrinature carrying oiu' cuutact point and a bridge mem¬ 
ber over it <arrying anolluu* (smtact whicli is .set into a kiiurlod 
head adjusting screw in that at Fig. 2It, ('. 1’he smaller bridge 
holds the \ii>rator s])iing and is also provided with a knurled 
screw so tlie vibrator spring tension may be adjusted. Directly 
under the vibrattn* is the iron core which attracts it to break the 
co!itact between the p<unts. Tlie farther away the vibrator is from 
the core the more current will be Jieeded to acliiafe tlie vibrator. 
The s])ring teii.sioti should be sufficient, so that the tremlder will 
vibrate fast enougli to produce a i)ronouuced buzzing sound. If 
the vibrator spring lacks clastieily, too much curr-nt will be con¬ 
sumed which is ail important item if lius current for ignition is 
derived from a ilry cell battery. In adjusting the coil vibrator it 
is not necessary to turn the motor over to establish contact as the 
' tuning up’may be readily performed ou most coils by connecting 
a wire to tlie stei'riug post as shown at G, and touching the knurled 
head of the adjusting screw or tlic bridge carrying it with the 
other end of the wire. It is ncct*ssary, of coiirsi*, to have the switch 
on the coil in the “on” i)osition. Another method of accomplish¬ 
ing this is to sliort circuit the timer with a screw driver as shoyn 
at B, which is used to bridge the wire terminal and the. aluminum 
timer case. In thi.s way each of the Yibratoi*s may be made to buzz 
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iu turn. If the points arv not loo badly burnt it ia possible to 

Clean them \i1th a pieco of very fine emery cloth ag ghown at Pig. 

244, B, without reniov’ing either vibrator or contact screw from the 
top of the coil. AMiore battery current is used it is w'ell to test 
the current cojisinnplioii of the coil from time to time as the vi¬ 
brators arc adjusted. It is possible to have a coil draw twice as 
much as needed it’ the vibrator spring tension is too great. The 


VIBRATOR ADJUSTING SCREW 


ARMATURE 




I ,oj 


VIBRATOR SPRING 

SCREW 



r-a BRIDGE 


LOCK SPRING 

VIBRATOR 
SPRING 


CONTACT 

POINTS 



CORE 


ARMATURE 


Fig. 245.—Constmetion of Typical Coil Vibrator. 


current consumption will vary from .15 to 2.2 amperes, a fair aver¬ 
age being about 1 ampere. The usual primary voltage needed is 
5 or fi, and the trembler vibrations will vary from 100 to 400 per 
second. If the vibrator tends to stick, the core should be tiled 
otf as well as the undersurface of the vibrator to remove any rust 
that may be present between the surfaces. A projecting core wire 
sometimes interferes wdtli proper vibrator action. Moke sure the 
top of tlie core is smooth and bright. 
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IjOxx^ Tension lynition Systems 

Low Tension Ignition Systems.—The low tension ignition sys- 

tein in a sp^rK is produced in llie cylinder between motitig 

('lectrodes is soldoin nsnd at tlu* pmsont timo in automobile en¬ 
gines exc(*pt those of old models. The complete wiring diagram 
of tlio low tension system us('d on tlni Loeninohile ears for a time 
is showii at Fig. 240, j\, while llie actuating mechanism and the 



Fig. 246.—The Locomobile Low Tension Ignition System and Igniter 
Used for Producing Spark in the Cylinder. 


igniter plate coJistruetioii is slmwn ut 240, B. It will bo observed 
that the low tensitm is a very simple one electneally, but that con¬ 
siderable inechaiiusni is noet'ssary to operate the make and break 
devices in the cylinders, fn the wiring diagraiji it will be .ap¬ 
parent that two sources of ignition current are available, one a low 
tension magneto for regulating ignition, the other u storage bat¬ 
tery in event of the low tension magneto failing to deliver current. 
One wire runs from the magneto to one side of the switch on the 
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Li'K<tiii|' MethotU OiUlliic«l—■NrooliaMi<*aI Siarlors—PnoiiTimtic Starters—Pres- 
to-litei Primer—Klct'trio. Starter Forms—({eiKTator auil Startinjf Motors 
— Ocuerator Driving Aloans—Starting Clulolios ami bearing—Switches 
and Om’rent Controlling Devices—Typical Wiring l)iagr:nns—Delco Sys¬ 
tem—Rijur—Jlartford, Auto-Ditc—(Jray & Davis—ClialmciH—Kntz— 
Koniy—Fanlts in Motors and Oeuorators—Faults in Wiring—^I'ypical 
Lighting Systems. 

Onk of the pftnuninced dcvolopnioiits of the last two or three 
years has been the general atloplion of various starting means for 
setting the engine in niolioii witliont recourse to the usual form 
of hand crank. Soiiur of these motor starting systems merely ro- 
l)la<‘e the usual hand crank with some ineaua of turning the motor 
over without leaving the scat by purely mechanical connections. 
Others, on 1012 and 1013 models of a few eur.s, depend on air 
pressure, w’hile the most pofuilar and generally applied forms to 
1916 model cars depend on electricity as a souree of powtr for a 
small electric starting motor. Klectric starting and ligliting sys¬ 
tems have been made in many forms, though the basic principles 
of operation arc practically the same in all systems that can be 
grouped in several main classifications. It will not be possible 
to describe all in a gencr.nl treatise of this nature, hut if the 
features of the leading systems are outlined it will not be difficult 
for the repairman to became familiar with the principle of other 
syAems which may be slightly different only in point.s of minor 
detail. Before discussing the electrical starting means, it will he 
necessary to give brief consideration to the mechanical and pneu¬ 
matic starting systems which have received some degree of prac¬ 
tical application and which are still advertised in trade prints. 
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Starters.—While different makes of cars have been 
marketed using air starting systems, there has been QO CQE Offered 
with a mechanical starter, so wherever these are used they have 
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'' which is attached to the starting end of the crankshaft and wliicli 
is operated by means of chain connection with the smaller pulley 
of a two diameter pulley wheel. The larger wheel eacrics a wire 
i^blo which is attached to a straight rod running through the 
dashboard and terminating in a handle convenient to the drivers 
hand. A pull on the spade tyi)e handle provided at the end of 
the rod will move the pulley wheel and produce a corresponding 
inovejiicnt oT the starting ratchet which turns the engine crankshaft 
over in the same way as the hand crank does. A modification of 
the devieo shown at A is outlined at. B. This works on the same 
principle, exeej)! tliat an odd-shaped mendjcr is used to turn over 
tin* engine craidtshafl. These devices are in no sense of the word 
“self-starters/’ hut on liglit motor ears tliey provide an cfTective 
snh.slitnte in that the engine may he turiK'd over witlioiit undue 
exertion and witliout leaving tlie seat. Tliis is an advantage of 
some moment when the (‘iigiiie stalls iji traffic, or under conditions 
where it would bo ineonvenienl to get ont of the ear. 

Two types of meehunieal starters known as the Wilkinson arc 
shown at the bottom of the illustration, hig. 281. The one at D 
is operated by pulling a handle on Ihe dash, the one at C by a pedal 
d(*signed for foot actuation. The meehanism is such tliat the 
rtywlieel is puslied ai’onnd by a lever whhdi will engage w’ith either 
a stud or a slioulder on the Hywheol. Tlie lyjie at the left uses 
tile studded flywl^d, there being four of these marked “S.” 
When the arm C is moved by dejiressing a pedal, the finger A 
contacts With one of the studs and turns tlie fly\vheol.§ Return 
engagement is iiroduced by the large spring sl. iwn. In order to 
minimizii liability of injury from backfire, the Wilkinson device 
is constrncled so that the pawl 1) rises on the cam which bears 
against the collar E, and thus throws the finger ont of engage¬ 
ment with the stud. One thrust of the pedal ■will turn the fly¬ 
wheel of a four-cylinder engine sufficiently to cause one cylinder 
to fire .should ignition and carburetion and carburetion systems 
be functioning properly. Tlie type at D is just as simple, but is 
modified somewhat in its couslruction. In this a hand lever is 
used to-rotate the flywheel, and instead of using studs on the 
flywheel rim, four shoulders in the interior periphery do the work. 
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Tliese shoulders may be east with the wheel, or in some cars it 
is possible to have lliem cut in the flywheel. The operation is the 
same as that of the type previously dcRcrilied as the movt!inent of 
the cable causes tlie Anger to engage with one of the shoulders, 
and thus turn the flywOieel. 

Tlie results obtained with any of these niccluuiical starters are 
not to bo compared with that obtained from an electrical device 
which spins the motor much faster than normal haud-cranking 
speed, wJierea.s tlie mechanical starter produces a movement of not 
more than half a revolution of the flywheel. Various forms of 
spring-operated starters have been devised and placed on the mar¬ 
ket, but tliese have not been very popular on aceouiil of tlieh* 
bulk and lack of reliability. The amount of jiower that can be 
stored in a spring is not groat, and at the most the motor could 
only be turnesd over three or four revolutions. Tf the ignition or 
carburetioii systems wore not functioning just as they sliould be, 
it will be apparent that the spring would be unwound and in¬ 
capable of starting the motor. In order to turn the motor over it 
is necessary with most of these starters to rewind the spring with 
a hand crank jirovided for the jmrpase. If tlie engine starts 
promptly the spring is rewound automatically by the engine, and 
as long as the engine starts without diHay tlie starter is available 
for use. Practically all of these devices reijuirc special fittings, 
with the exception of those described for the Ford ear, and as full 
instructions are furnished hy their makers for application the 
repairinijn who is called upon to fit a mechanical starter may «1o 
so without trouble by following the instructions provided. 

Pneumatic Starters. —Three prominent makes of automobiles 
which have been marketed in fairly large nuinbors, namely the 
Winlon, Pierce-Arrow and Chalmers, liave used pneumatic or air 
starters all of which have operated ou exactly the same system. 
At the present time these cars are furnished with electrical starters 
of the conventional pattern. In ease the repairman is called upon 
to repair one of the models equipped with an air starter, the 
writer believes it necessary to consider the arrangement of the 
parted and the method of operation briefly before considering the 
sujl^t of electrical starters. All the components of typical sys- 




Fig. 282.—Diagram ^bowing Parts of Air Starting Systems Used on Some Early Models of Fierce-Arrow 

* Automobiles. 
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terns, one of which was used ou Piercc-Arrow cars, is shown at 
Pig. 282. It will be observed tliat an air pnmp of the four-cylin¬ 
der type was attached to the gear box and driven from the counter 

shaft of that member. This supplied air to an air reservoir or 

« 

container attached ,to the chassis. This container communicated 
with the top of‘ an air distributor when a suitable control valve 
was open. Atj air pressure gauge is provid<;d to enable one to 
ascertain tin* air pressure available. Tlie top ot‘ each cylinder is 
provided with a check valve, through whioli air can fl<nv only in 
one direction, i.e., from the lank to the interior of the cylinder. 
Under explosive pressure these ciieck valves elosi\ The funethm of 



Fig. 283.—8bme Important Components of Early Cbalmets Air Starting 

System. 
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■^the distributor is practically the same as that of an ignition timer, 
its purpose being to distribute the air to the cylinders of the 
engine only in the proper firing order. All the while that the 
engine is running and the car is in motion the air pump is func¬ 
tioning unless thrown out of action by an easily manipulated 
» clutch control lever. "When it is jlesircd to start the car a starting 
valve is opened which pennits the air to fl(»\v to tlu* top of the 
distributor, and then through a jnpc to the check valve.on top 
of the cylinder about to explode. As tlic air is going through 
under considerable pressure it will move the piston dowm just as 
the explosion would, and start the engine rotating. Tin* inside of 
the distributor rotates and direels a charge of air to the cylinder 
next to fire. In this way tlie engine is given a ninnher of revo¬ 
lutions, and finally a charge of gas will be ignited and the engine 
Vktart olf on its cycle of oi)eratioii. One of the advantages of the 
air starter system is that a source of air is providi<l for blowing 
up tires. 

The general oiTangement of tire Clialiiior.s air starter w'as prac¬ 
tically the same as that depicted. Some of the components w'erc 
■ of different constrnction. Tiistead of being driven by enclosed 
gearing the air pump was 0 [>erated through a silent chain from 
the pump shaft, as shown in the nj)per left hand corner, Fig. 283. 
In this air pump the e,ylinde!s w’ere water jacketed in order to 
prevent overliyatiiig. The consfructioL of the dash piosh valve is 
clearly shown at (*. This inember not only sorses to admit air 
Tto the center of the distributor, luit also o)>eus th*- cylinder start¬ 
ing valves to permit the air to Ilow into the cylinder. The start¬ 
ing valve construction is clearly sliown at K, this consisting of a 
simple fitting adapted to be screwed into tlui cylinders and com- 
^ municating with the interior of the combustion cdmmber. The bell 
crank X was used to dei)ress the valve stem VT, and thus provide 
communication between the air distributor and tho combustion 
chamber interior. As the distributor was one of the important 
vParts of all air-starting systems, that used on the Chalmers ca^ 
Vhen equipped with the air starter is shown at Fig. 284^ By re¬ 
ferring to tlje sectional view' at the right of the illustration it will 
be apparent that its function is practically the same as that of a 
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primary timer or secondary distributor of a magneto, except that' 
instead of distributing electrical energy a blast of air was directed 
to the cylinders in the proper firing order. The rotating diatributor 
disc is provided with one slot which registers consecutively with 
the openings to which the pipes running to the various cylinders 
were fastened. About the only trouble with an air-starling sys¬ 
tem >vas faulty cheek valve action or leaks in the pipe line or 
distributor which permitted the escape of air. If no air pressure 
was supplied to the tank the pump was at fault. Tliis may be 
easily determined on inspection; the same troubles should be looked 
for as described for the air pressure jnimp sometimes used in con¬ 
nection with the pressure system of fuel supply. 



Fig. 284.—Showing Construction of Distributing Mechanism Employed 

with Air Starting System. 


Pres-todite Primer.—"Whore a ear is equipped with a Pres- ' 
tevlite gas tank it is po&siblo to secure easy starting by hand crank¬ 
ing, and even to run the engine on acetylene gas in an emergency 
if the gasoline supply fails by using a simple priming fitting shown 
at Fig. 285. The outfit consists of an automatic reducing valve 
attachcd'to the gas tank, a pipe line running to the dash, and a 
pul^i’valve so mounted that acetylene gas may be admitted into 








criM A. r(f/tcf ^ VO 

tlie inlet manifold tlirongh a i)ipe nmuing from tlic push valve 
to tlie intake incmbrr. As shown at A, a simple lever is rigged up 
so the push button may be operated from the front of tlie car* 
At B the push button is worked by the foot. The arrangement of 
the parts is clearly shown in the view at the bottom of the illus¬ 
tration. It is said tiuit a properly charged gas tank will run a 
25 II. P. motor from ten to twelve miles if the gasoline supply 
shoidd fail. The reason the aecdyhuie gas i>rovid(‘s easy starting is 
that it is V(‘ry inflamninble and does not need in la* vaporized as 
the liquid fuel does. The gas primer is of value when 

used in coniu'eliou with mechanical starters oT various kinds. Be¬ 
fore depressing the i)ush l)uttou it is necessary to oi>e.n the main 
sliut-ofT valve incorporated with the juush button assembly on the 
dash. Tliis permits the gas to flow from the automatic pressure 
’ regulator to the body of the device wlicre tlie push button valve 
l)rovides access with the pijjc running to tlie intake manifold. 
Obviously this priming system can be used caily with cars equipped 
Avith a gas tank. On the modern electrically lighted and started 
cars the gas tank will be unnecessary, aud is not apt to be used. 
Ilow'over, the gas tank Avould probably be aj)]>lied for lighting 
puj'poses on cars eq\iippcd with air starters, and on those models 
it would be of particular advantage inasmuch as the tendenc-y 
of the air current passing to the cylinders is to retard prompt 
vaporization of the fuel sucked in from the carhuielor, tlie rich 
acetylene gas w'ould provide a rich mixture, and would enable the 
engine to rtin for a long enough period to iiermit the explosion 
to heat up the cylinders enough so the gasoline w’ould vaporize 
promptly. 

Slectric Starter Forms.—Electric lighting, cranking and igni¬ 
tion systems for motor cars are of such recent development that 
it is not possible to describe all systems used for this purjKwe. 
Not only do the individual systeins vary in detail, hut the com¬ 
ponents of the same system are often of different con.struclion when 
used on ears of different makes. The standard equipment must 
include three component parts, namely, the generator which is 
driven by the engine and which produces electric current to keep 
the storage battery charged, and the starting motor which is in 




Fig. 28R—Showing Method of TTtiUzing Pres-to-lite Gas Tank to Facili¬ 
tate Starting the AutomohUe Power Plant. 


mechanical connection with tlie engine and in electrical connec¬ 
tion with the storage battery when it is desired to turn the engine 
over for starting. If the motor and generator are combined in 
one instnimcnt the starting system is known as a one unit type. 
If the motor is one appliance and the generator another, the sys¬ 
tem is said to be a two miit system. Each of these has advantages, 
anffboth forms have, demonstrated tliat they arc thoroughly prac- 
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Electric Starting Systems 

tical. In addition lo the three main items enumerated, various 
accessories such us switches, ammeters, connectors, wiring, pro¬ 
tective circuit breakers, automatic current regulators, etc., are 
necessary for the convenient distribution and control of the elec¬ 
tric cuiTcnt. The arrangement of tlie parts of a typical one unit 
system in which the motor-generator is used only for starting and 
lighting is shown at Fig. 286. This shows the location of the 



Fig. 266.—Side View of Typical Automobile Showing Application of 
Entz One Unit Starting and Lighting System. 


various parts in their relation to the other cennponents of the 
motor car. The motor generator is mouiitcfl at tlie side of the 
engine, and is driven by the magneto drive shaft when used as a 
generator, and serves to drive the engine througl. tliis means -when 
it is used as a motor. The ignition current is supplied from in¬ 
dependent source, a liigh tension magneto. The starting switch 
and that controlling the lighting system are placed on the dash, 
while the storage battery is carried under the floor of tlie tonneau. 
This system, which is known as the Entz, will be described more 
in detail in proper sequence. ‘ 

The elements of a one unit system are shown in diagram form 
at the left of Fig. 287. It will be observed that the armature car¬ 
ries two commutators, one of which is used w'hen the armature is 
driven by the engine and when the device serves as a’^'ourrent 
generator, the other being employed when the operating conditions 
are reversed and the electrical machine is acting as a motor to turn 
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over the engine crauksliaft. When the device Is driven as a gen¬ 
erator the small sliding pinion on the short end of the shaft is 
out of engagement with the spur gear cut on the flywheel ex¬ 
terior. AVhen it is desired to start the engine tlic spur gear is 
meshed with the inemher cut on the flywhetd and the current 
from the storage l)attery is direelod to the windings of the electric 
machine whicli becomes a motor and which turns over the engine 
crankshaft. Wh<'ii the device is working as a generator the cur¬ 
rent that is deve1oi)ed goes to the storage battery, and from that 
member to the various current consuming units. 

Sometimes the nmtor and generator coinhined iu one casing 
and the system so provided is erroneously called a “one unit** 



Tig. 287.—Diagram Defining Application of One and Two Unit Motor 

Starting Systems. 

system. This construction is shown at the right of Fig. 287. In 
reality such a system is a two unit system, because the electrical 
machines are uni-functional instead of performing a dual function 
as does the coinbined-motor-generator at the right of the illus¬ 
tration. The wiring is shown in simplified form and should be 
easily followed by any repairman. The parts of a two unit start- 
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ing anj systoni are sliowu at Fig. 288. This system is 

sometiiriea callcct a “three iniit” system, on account of having a 
source of independent eurreut supply for ignition purptjsos. As 
will be oKserved, the generator is driven from tho motor crank¬ 
shaft by silent clndn connections, one of the terminals i)assiug 
through the enf-out dcvici^ and to iJic storage battery, the other 
terminal running directly to llic storage battery tenninal* having 
a short by-pass or shunt w'irt* attached to the cut-out. All the time 
that the engine is running llie generator is <ielivcriiig <‘leetricity 
to the storage battery. 

It will be o])scrve<l Ibat the* storage battery is also coupled to 
the lighting circuits which are sliown in a group at the right of 



Fig. 288.—Diagram Showing Components of Three Unit Starting, Light¬ 
ing and Ignition Systems. 

the illustration, and to tho electric starting motor as indicated. 
One of the storage battery terminals is joined directly to the switch 
terminal by a suitable conductor, the other goes to one of the 
terminals on the starting motor, wliile the remaining terminal of 
«the starting motor goes to the switch. In this system, when the 
small sliding pinion is meshed with the flywheel gear, the switch 
is thrown on simultaneously, and the current that flows from the 
storage battery through the windings of the starting motor rotates 
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the engine crankshaft hy means of reduction gears shown. As soon 
as the engine starts the foot is released and a spring pulls the 
switch out of contact, and also disengages the sliding pinion from 
the flywheel gear. 

The actual appearance of a mOtOf fitted With a tWO Unit IDOtor ^ 
starting and lighting system is shown at Kig. 289. It will be 



Fig. 289.—^Method of Attaching Starting Motor and Generator of Typical 
Three Unit System on Six Cylinder Engine. 


observed that the generator is driven from the pumpshaft exten¬ 
sion by a leather universal joint, while the starting motor is mounted 
at^the back end of the crankshaft in such a position that the 
concealed sliding pinion may be brought into engagement with the 
flywheel driving gear. The interlock between the starting switch 
and the pinion shifting means is also clearly shown. Electrical 
starting systems may be operated on either six- or twelve-volt 
current, the former being generally favored because the six-volt 
lamps use heavier filaments than those of high voltage, and are 
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^uot so likely to break due to vibratiou. It is also easier to install 
a six-volt buttery, as tliis is the standard voltage that has been 
used for many years for ignition and electric lighting purposes 
before the starting motors were applied. 

In referring to a system as a one unit system of Uglitiug, 
i starting and ignition, one means that all of these functions are 
incorporated in one device, as in Iho Delco system described in tlio 
chapter on ignition. If one unit is usihI for generating the liglit- 
ing and starting current, and also is reversible to act as a motor, 
but a separate ignition menus is provided such as a high tension 
magneto, tbe system is called a ‘Hwo unit” system. The same 
designation ay)pli'*8 to a system when the current generating and 
ignition functions are perfornuul by one appliance, and wliere a 
ficjparate starting motor is used. The three unit system is that in 
^U’iiich a magnet*) is employed for ignition, a generator for supply¬ 
ing the lighting and starting current, and a motor for turning 
over the engine crankshaft. Before describing tlie individual sys¬ 
tems it wo\dd be well to review briefly the various components 
common to all systems. 

The generator, as is apparent from its name, is utilized for 
producing current. Tliis is usually a miniature dynamo patterned 
largely after tliose that have received wide application for gener¬ 
ating current for electric lighting of our homes and factories. 
The generators of tlic diflerent systems vary in construction. Some 
have a permanent magnetic field, while others have an excited field. 
^In the former case permanent horseshoe magnets are used as in 
a magneto. In the other construction the field magnets, as well 
as the armature, are wound with coils of wire. In all cases the 
dynamo or generator should be mechanically driven from the 
engine crankshaft either by means of a direct drive, by silent 
chain, or through the medium of the timing or magneto operating 
gears. Belts are apt to slip and are not reliable. 

All the current produced by the generator and not utilized by 
the various current consuming units such as the lamps, ignition 
System, electric horn, etc., is accumulated or stored in the storage 
battery, and kept in reserve for starting or lighting when the 
engine is not running or for lighting and ignition when the car 
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is being run at such low speed that the generator is not supplying 
current. Storage batteries used in starting systems must be of 
special design in oi'der to stand the liigli divscliarge and to perform 
cfficieiilly under the severe vibration and operating conditions in¬ 
cidental to automobile service. The storage battery may be in¬ 
stalled on the running board of the automobile, under the body/ 
or under the front or rear seat, the location depending upon the 
design of the car and the degree of accessibility desired. The 
be.st practice is to set the storage battery in a substantial carrying 
case held by rigid braces attached to the frame side and cross 
members. If the battery should he set under the tonneau floor 
boards, a door must be proviilcd iji these to give ready access to 
the battery. 

The starting motor, whieli lakes the ])lace of the common hand 
crank, is ()i)oratod by current from the storage battery, and tlie*' 
high speed armature rotation is reduced to the proper cranking 
speed by reduction gears of the dilTercnt forms to be described in 
proper se(]uence. The construction of the starting motor ivS prac¬ 
tically the same as that of the dynamo, and it operates on the same 
principle, except that one instrument is a ri’versal of the otlier. * 

In order to secure automatic operation of a ligliting and start¬ 
ing system several rneclianical and electrical controls are needed, 
these including the circuit breaker, the governor, which may be 
either mechanical or electrical, and the operating switches. The 
circuit breaker is a device to retain current in the storage battery 
under such conditions that tlie battery current is stronger than that*^ 
delivered from the generator. If no circuit breaker was provided 
the storage battery could discharge back through the generator 
winding. The circuit breaker is sometimes called a “cutout.*’ 
The circuit breaker is usually operated by an electro magnet, and 
may be located either on the generator itself or any other con¬ 
venient place on the car, though in many cases the circuit breakers 
are usually mounted on the buck of the dashboard. This device 
is absolutely automatic in action and requires but little attention. 

The governors are intended to prevent an excessive output at'’'" 
current from the generator when the engine runs at extremely 
hi^h speed. Two types are used: one mechanical, operated by 
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centrifugal force, and tin; other elcctricul. The fOl’Uier IS llSUally 
a friction drive mechanism moniited on Uie generator shaft which 
automatically limits tlio speed of the dynamo armature to a defi¬ 
nite i>rcd(*terihined miniher of revolutions i>er minute. Tlie maxi¬ 
mum current output is thus held lo Urn required amount inde¬ 
pendently of tlu‘ si)eed at which the ear is being driven. Tlie 
use of this device minimizes the possiinlily of overheating the gen¬ 
erator overohurgii'g the battery at higti oar si»eeds. The electrical 
sjstein of governing docvS not afl'ecft the spee«l of the armature, but 
controls tlie output of llie geiiendor by means of armature reac¬ 
tion and a reversed seri<‘s field winding. The governors usually 
I'crniit a maxiimuu generator output of from tvii to 1wt‘lve am- 
percs, tliougli the uoruial charging ctirrent is less than this figure. 

In praelieally all s\ stems an amperemeter is mouiit<‘d on the 
♦ iash so that it can be n-adily inspected by the <lriver, this indi¬ 
cating at all times the amount of current Iieiiig jivodueed hy the 
dynamo or drawn from the battery. If the indicating needle of 
the ampcreuu'ter }H>ints to the left of the zero point on the scale, 
it means that the Imttery is furnishing current to the lights or 
other current consiimiug units or discharging. WIicu the needle 
points to the other si<lc of the scale, it means that the generator 
is delivering current to the battery w liieh is cliurging it, the amount 
of charge or discharge ut any time can be read from the scale on 
the face of the amperemeter. Some of these instruments liave the 
w’ords “charge’* and “discharge” under the scale in order to 
enable the operator to road tJie instrument corre ctly. 

Another important element is the lighting switch, w^hich is 
usually mounted at some point within convenient reach of the 
car driver. This is often placed on an instrument board on the 
back of the cowl in connection with other registering instruments. 
As ordinarily constructed, the switches are made up of a number 
of units, and the wiring is such that the head, side and tail lampa 
may be controlled independently of each other. For simplicity 
and convenience of installation, the switch is usually arranged 
so that all circuits are wired to parallel connecting members or 
“busbars” placed at the rear of the switch. In some ears, as the 
Overland 80 model, the switch units are placed on the steering 
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lig. 200-^bowing Construction of Typical aenerators and Starting 

Motors 
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column. As but little current passes through the ligliting switch 
the contacts are not heavy in construction as are those of the 
starting switch. 

The function of the starting switch is to permit the current to 
flow from tlie storage battery to the starting motor, when it is 
necessary to start the car. It Is arranged usually so as to be 
readily operated by the foot and is nearly always installed at 
some convenient position on the toe board of the car.' As we 
have previously shown, Die .starting switch is often interlocked 
with the starting motor gearing so that the operation of engaging 
the gear with the flywheel and of turning on the current to the 
starling motor are accomplisiied siniultaneonaly. The lighting and 
motor starting wiring systems are iiuieiM'inb’nt of each other, and 
may be easily found as that used to convey tlie liigli amperage 
starting current is of lieavy round single conductor cable, while 
the ligliting wiring is usually a light multiple strand cable. In 
order to prevent cliafing and dt'preciation of the insulation the 
wiring is often protected by conduits of a flexible metal tubing, 
and the terminals are extremely heavy and well adapted to resist 
the vibration wliich is unavoidable in automobiles. 

Generators and Starting Motors,—Essentially there is not 
much difference in construction between a starting motor and a 
generator as the principles upon which they operate are prac¬ 
tically the same. A machine that is capable of delivering current 
in one direction when driven by mechanical power will produce 
mechanical energy if electrical current is passed ’hrough the wind¬ 
ing in a reverse direction. The construction of typical starting 
motors and generators may be readily understood if one refers 
to the illustrations at Fig. 290. That at A is one form of the 
Gray & Davis governed dynamo, which is of the limited armature 
speed type. The power is directed to the driving member of a 
friction clutch which turns the generator armature by means of 
friction contact with a disc attached to but slidably mounted on 
the armature shaft. This plate is held in contact by a coil spring. 
A pair of hinged governor arms are attached to the driven clutch 
plate, while the other ends are attached to a rotating spider mem¬ 
ber fastened on fte dynamo armature shaft. When tlie speed in- 
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creases Ixyoncl a gl\on point tlie go\eTnor weights fl> out, cine to 
coutnfngal foree, dinl nsjuco the anionnt ol Iricfinnal acihesion 
between the cluteli iiK'nibeis in proportion as tlie armature shaft 




Tig. 291—^The Disco Two Dnlt Outfit Having Motor and Generator 
Mounted in Common Carrying Case, Uie Motor Being Placed Above 
tlie Generator * 
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epecd augments, until the point is reached where there Is no 

frictional contact between the parts of the chitch and the driving 
plate ia turning at engine speed, wliilc the driven member that 
imparts motion to the armature is gradually slowing down and 
permitting the tension of the coil spring to overcome that force 
produced by rapid rotation, and to bring the discs in contact again 
for just a sufficient lengtli of time to enable the ai*mature to 
luaintuin its rated speed even if the engine is running faster than 
normal. 

A typical starling motor, which is of the Uushnjore design, 
is siiown at B. As will he evident, this is practically the same in 
constructioji as the generahu* sliown above it, as far as essentials 
arc concerned, except that no governor is providetl and the arma 
turc sljaft is tilted with a small spur pinion designed to engage 
with the spur gear on the engine flywhetd. No mechanical intcr- 
conneetion is neci’ssary between the drive ])iijioQ and the elec¬ 
trical starting switch. As soon na the current flows tliroiigh the 
uriiiatiirc of the motor it will move tliat member laterally and 
aiitomatieally imgago the pinion of the flywheel gear. As .soon 
^is a starling swit<‘h is released, a coil spring will push tlie start¬ 
ing motor armature hack again in the position shown in the illus¬ 
tration, and thus automatically bring tiie pinion out of mesh with 
the flywheel gear. In order to obtain a sliding feature tliis motor 
armature shaft is moiint(;d on plain hearings instead of ball bear¬ 
ings, which arc standard c(pu]»nJent on practically all machines of 
this nature. 

The device outlined at Fig. 200, C, shows the construction fol¬ 
lowed when the ignition function is combined w’itli a current gen¬ 
erator and starting device having the three functions performed 
by one instrument. The general construction is the same as in 
the device previously outlined. The drive-shaft of the device is 
adapted to bo attached to the engine l>y direct mechanical means. 
When the device is used as a current generator, the armature is 
driven by the shaft, w'liercaa if the device is used as a. motor the 
armature drives tlie shaft A through a planetary reduction gearing 
and roller clutch. Regardless of whether the device is used as a 
motor or gcneratoi^ tlic distributor for ignition purposes is driven 
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in the same direction, and at the proper speed to insure ignition, 
as it is driven directly from shaft A, -which turns at crankshaft 
speed. 

An example of a double deck combined instrument in which the 
generator is carried in the lower portion of the casing and the- 
atarting motor at the upper part is clearly shown at Pig. 291. The 
-view at A shows the external appearance while the partial section 

ftt B makes clear the arrangement of the reduction gearing and 

roUer clutch. This type is meeting with favor because it is 
mounted easily, and also on account of the simple mechanical con¬ 
nection to the engine. AVhile the two units arc electrically sepa¬ 
rate, i.e., each having its own field and armature, it may be con¬ 
sidered as one unit mechanically. The double deck instrument 
shown is designed for apinicution to the side of a gasoline engine 
connecting by chain or gearing to the pump or magneto drive 
shaft. It should be noted that this chain or gear is the only con¬ 
nection between the machine and the engine, and tliat it is used 
not only for transmitting the engine energy to tlic generator, but 
also acts to transmit the power from the starting motor to turn 
the engine crankshaft when it is desired to start the power plant. 
It will be apparent that in a combined instrument of this type 
that it is necessary to have a fairly low gear ratio between the 
motor and the engine in order to reduce the high speed of the 
motor armature rotation to a speed low enough to turn over 
the engine crankshaft. At the other hand, once the power plant, 
is started tlie generator armature must turn at a slower speed 
than that of a starting motor, and if it is run from the pump 
shaft or magneto drive shaft it will turn fast enough to gener¬ 
ate tlie proper quantity of electricity. The starting motor, how¬ 
ever, must be geared down in order that it may exert the start¬ 
ing” torque through the high leverage furnished by the reduction 
gear. The motor occupies the upper position as shown at B, 
Fig. 291, and carries a pinion P keyed to the end of its armature 
shaft M. This pinion transmits the drive to an intermediate shafts 
S, which in turn drives the large gear forming the outer casing of 
an overrunning roller clutch R, The inner or driven member 
of this clutch is'inountcd rigidly on the armature shaft Q of the 
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generator and carries the drive througU to tlie outer chain gear C 
when cranking the engine. soon as the engine explodes and the 
speed runs above that rcpre.sejited by tlie starting motor at the 
roller clutch the latter conies auloniaticaJly out of action, thus per- 
niiltijig the generator to olitaiii ils pouer in the normal way through 



Fig. 292.-^Method of Driving dray & Davis Generator by Silent Ohain 

from Engine Cranksbaft. 


the chain wheel C attached to the dynamo shaft G. The motor 
armature above conies to rest as soon as t!ie startijig switch is re- 
leased. The gcncnitor of this dc\ioe lias its onlpiit coittrollod by 
a co.inbination of armature reactions and a bucking coil, wliile the 
battery U protected frcmi discharging liack throngli the gen<Tator 
by a simple magnetic contact breaker or cut-out. 
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Generator Driving Methods.—'When electric lighting was first 
applied to automobiles it was not considered necessary to drive the 
generators by positive connection, and the early devices were fur¬ 
nished with pulleys- for flat or V belt drive. At the present time it 



k rig. 293.—^Diagram Showing Methods of Transmitting Power of Starting 
Motor to Power Plant, Also Simplified Diagram Showing Intercon¬ 
nected Starting Switch and Motor Starting Gear. 


is considered highly important to provide a positive mechanical 
connection that will not slip between the generator and the engine 
crankshaft. The common systems where the generator is a sepa¬ 
rate unit from the starting motor and in tliose forms w'here the 
starting and generating functions are combined, involve a connec- 
jtion with tlie motor crankshaft tliroiigh some form of gearing. As 
will he op]>arcnt in Pig. 280, Ihe generator is driven by means of 
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universal joint connections with an extension of the pump shaft. 
The motor crankshaft imparts its power through the camshaft tim¬ 
ing gear to the small pinion utilized in driving the water pump. 
In the generator application sliown at Fig. 292 the armature is ro¬ 
tated by silent cliain connection with a gear on the motor crank¬ 
shaft. There is not the (Jiversity of drives for the generator as 
there is in the methods of connecting tlie starting motor to the 
end of the crankshaft. 

Starting Gearing and Clutches.—In order to show the variety 
of driving means nsod in connecting the starting motor to the work 
of turning over the engine crankshaft, the leading systems have 
been grouped in one illustration at the top of Fig. 293. Starting 
from the front of the motor, tlie first method shown is by means 

a worm gear initial or primary reduction and chain connection 
from the worm-driven shaft to the motor crankshaft. In some cars 
the w’orm reduction is used having the slartiiig motor mounted at 
Iho side of the change speed gear box instead of attached to the 
motor crankshaft. The reduction in speed may be by means of the 
I spur gears and chain, as shown at A-2, or by a chain to a shaft con¬ 
nected with the timing gear, as in A-3. The method at A-4 is a very 
l>opular one, including a reduction to an intermediate shaft, which 
carries a sliding pinion designed to engage tlie gear on the fiywheel 
rim. The method at A-5 is used with the Ruslimorc starter, the 
pinion being brought into direct engagement witli the gear on the 
iPywheel by the axial movement of the armature when the current 
is supplied to the field winding. Tlie method at i'.-G permits of 
attaching the starting motor securely to the frame side member at 
a point near the gear box, where it will be out of the way and not 
interfere with the accessibility of the power plant. Wben mounted 
in this manner the.drive is by a double universally jointed shaft to 
a small silent cliain sprocket, which connects to a much larger 
member attached to the engine flywheel or crankshaft. 

The complete system shown at Fig. 293, B, is the most popular 
♦f all that have been used. This shows the application of the start¬ 
ing motor, outlined at A-4. The meclinnical interlock between the 
sliding pinion on the intermediate shaft and the starting switch 
k clearly shown. Before the pinion engages the gear on the fly 
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Tig. 294.—^Method of Mounting starting Motor Having Speed Beduction 
Tbrough Worm Gears and Boiler Cbains. 
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wheel rim the switch makes contact, but owing to the resistance in¬ 
terposed in circuit tlie motor will turn slowly to permit of more 
ready engagement of the sliding pinion. As soon as the pinion is 
fully engaged with the large gear the resistance is cut out and the 
^iiiotor draws wliat current it needs from (lie storage battery, this 
being enough to produce Urn toniue necessary to turn over the en¬ 
gine flywheel and the crauksliaft to which it is attached at such 
speed as will produce prompt starting. 

The actual ai)plicatioii of Ihe system, shown at A-1, Fig, 293, is 
outlined at (.), h’ig. 294. It will be observed that the starting mo¬ 
tor is altaelied to the side of the engine in a vertical ]) 08 itiou and 
that it drives the intermediate shaft by means of a worm on the 
motor armature, wlikdi engages wifli a worm gear on tlie interme¬ 
diate shaft, which also carries the driving sprocket, as shown at B. 
A furtlier reduction in .s]>eed is obtained owing to the difference 
ill size of the small si)rocket on tlm intermediate shaft and that at¬ 
tached to the cluteliing member normally revolving free on the mo¬ 
tor crankshaft. Tt will bo soon that the motor armature is sup¬ 
ported on ball bearings, and tliat one of these, backing the worm, 
is a double row form ca]>ab]e of sustaining both the end thrust 
and radial load imposed l)y the driving worm, lu order to resist 
the end thrust on the worm gearing successfully a hall thrust bear¬ 
ing is used, as shown at B. When it is desired to start the motor 
the clutch actuator, whicli is shown in the diagram at A, is pushed 
^ in until it engages the ratchet teeth cut on the face of the large 
sprocket. When the sprocket turns it must turn the engine crank¬ 
shaft in the same direction, but just as soon as the engine runs 
faster than the large sprocket the clutching action will be released 
automatically by the ratchet teeth being thrown out of engage¬ 
ment. If it is necessary to start the engine by means of a hand 
crank this may be done by inserting the starting crank in the start¬ 
ing ratchet provided on the extreme end of the crankshaft. The 
large sprocket is normally free and the engine crankshaft turns 
^without producing a corresponding movement of the sprocket mem¬ 
ber. The general arrangement of the parts is so clearly shown 
that no further description will be necessary. 

The construction of a typical overrunning clutch is clearly 
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shown at Fig. 295. The electric starting motor is secured to A 
base on the crankcase of the gaaoHne engine and the motor power 
is imparted through the medium of the small gear F carried by the 
armature sliaft. This drives gear B, which turns at a lower speed 
on account of being larger, and that in turn engages with gear D, 
which is still larger in diameter. The small pinion C, which tumVf 
much slower than the motor pinion F, meshes with the large gear 



Tig. 296.—Defining Construction of Typical BoUer Clutch. T 


B attached to the clutch body. The use of this gearing provides a 
reduction of 40 to which means that gear F must make 40 'revo- 
lutioQS to one of the clutch body. 

The ratchet or driven member of the overrunning clutch L is 
pinned to the engine crankshaft and revolves with it when the mo¬ 
tor is operating, rotating inside of the gear B, having a bearing at 
K and turning in the direction of the arrow. The member L has 
three flat surfaces, M, cut at an angle to the inside of the gear Bt 
On each of these a hardened steel roller, A, is hpld inside of the 
gear by a light spring and against the flat surface of the member 
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L. The roller travels with the elutch and runs free against the 
side of the gear B when the engine is in motion and when the start¬ 
ing gears are idle. As soon as the current is directed to the elec¬ 
tric starting motor, the three rollers are bound between the clutch 
body and the ratchet member carrying them and the crankshaft is 
driven until such time as the engine speed increases sufficiently to 
overrun tJiat of the member attached to the cranksliaft. 



Pig. 296.—Showing Intercomiection between Starting Switch and Inters 

mediate Pinion of Belco System. 

Overrunning clutches are not ncce&sary in those systems in 
which the gears are moved into engagement, as in that shown at 
Fig. 296. In this the starting switch and the double shifting mem¬ 
ber, GH, are mechauically interconnected so that the starting 
switch will not be completely engaged until gearing is in mesh. The 
larger gear H of the sliding members meshes with that on the arma¬ 
ture shaft, iwhile the smaller of the pair, G, meshes with the fly¬ 
wheel. The arrangement of the parts outlined is used on the Cole 
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car. In the Hartford starting motor, which is shown at Pig 297, A, 
tile clutch is of the friction type and is engaged automatically 
when llie energy is iiassetl llirougli the motor winding to produce 
movement of the eugiiie crankshaft. The reduction between the 
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starting motor and the crankshaft is made by a worm anrl worm 
"Wlieii tlio switch pedal is depressed and the switch blades 
go into contact the same movement produces pressure on the end 
of lln^ lever attached to U Jl, which transmits a strong pull on the 
friction elulch ami thus connects tlie motor to the starting gear. 
Tin; Ward Leonard eomhination is sliowu at Fig. 207, 11. In this 
Iho motor is carried above tlm geruTalor, and hut qpe driving gear 
is needed to oiX'Pato both tlic generator ami to enable the starting 
motor to turn over the engine crankshaft. The speed reduction is 
by an intermediate gear shaft, the general operation being the same 
as that of the Disco starter, previously described. 

Switches and Current Controlling Devices.—Tlic various 
methods of operating the starting switelj, which may b<; intercon¬ 
nected with tlio gearing to turn the crankshaft, arc shown at Fig. 
200. All of the inetliods of actuating the electric self-starter may 
be groui)ed into three main classes: one, by hand lever; two, by 
p('dals, and three, by semi-automatic means. The method at A is 
used on sonic Faige-Detroit cars, a hand lever, A, attached to the 
steering column being used to make the mechanical interconnection 
between the cUileh pedal and the starting gear ineeluinism. In or¬ 
der to safeguard the gearing of the starter the electrical connection 
cannot be effected until this inocliauical iuterconiieetiou is made. 
After the hand h'ver is llirowu over in the iiroper position, de- 
X^TGSsing the elulch pedal sufTiees to permit the eloetrieal connection 
to be made and tlie gasoline engine started. In the ITupmobile 
control, which is sliown at B, a small auxiliary Dver S is used to 
put the starter into gear. The view' at D shows a small pedal 
which is cnii>loyed to iiiako the starting connection. This is the most 
popular system, especially wJieu i)edal is connected with the cur¬ 
rent-controlling switch, so that the full amount of current will not 
flow to the motor until the reduction gearing is completely engaged. 

An example of the semi-automatic method which is used on the 
cars employing the Entz starter, namely, the Franklin, Chalmers 
and White, is shown at C, To put the starter in operation it is 
only necessary to move the handle H on the dashboard or other 
convenient position, where it may be readily reached with the 
band or foot. This method is called the semi-automatic, because 
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the starter operates all the time until the gasoline engine is stopped 
by short circuiting the ignition. The first step is to throw the han¬ 
dle to the ignition point, and after closing the ignition switch, it is 
xnoTcd in the same direction until the storage battery has been con¬ 
nected to the starter generator. It is not necessary to touch the 
handle again until one desires to stop the engine, as moving the 
handle to the other extreme of its operating quadnmt first opens 
the connection between the storage battery and the motor generator 
and then interrupts the ignition. With this starting system, if the 
motor should be stalled for any reason or slow down below its nor- 



ng. 298.—^Method of Adjusting Goyemor of Otuy ft Davis Govotned 

Dynamo. 
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inal cranking speed the starting motor-generator unit automati¬ 
cally changes from a generator to a motor and turns the gasoline 
engine crankshaft, making it practically impossihlc to stall the 
engine with this type of starter. 

^ Owing to the large amount of current starting switches must 
carry, they are made much heavier in. construction than lighting 
switches. They must be mcciianically strong and the contact areas 
be snfriciontly large to pass a current of from 40 to 200 amperes, 
depending ui)on the voltage of the starting syst<*ni and the size of 
the engine to be turned over. If the contact points w’ere not of 
large area they WMJiild he very soon burnt. Tlierc are two types of 
starting switelies in coniiuon use, one has only a single contact and 
is used on those systems in whicli llic motor is cojinecled at once 
llireetly to tlie battery terminal. The oilier type of swileli has two 
sets of contacts, Lhe first one completing a circuit through a re¬ 
sistance, the second one cutting out this resistance and permitting 
the maximum (Mirrent to flow’. The Gray & Davis laminated switch, 
shown at Fig, 300, A, is a two-eontaet form. A movement of the 
swiie.ii actuator first engages the blades witli the contacts K E, then 
the arched contact pie(te L makes a connection with the j)ieces C C 
to allow the maximum eurrent to pass. With tlie switch shown at 
D, which is also of Gray & Davis manufacture, there are no start¬ 
ing gears, and tlic only necessary operation is to direct the current 
directly from the battery into the starting molor winding. Tht 
^switch is set-in the floor hoards of tlie car and is operated by the 
push rod P, whicli terminates with a button. The contacts C and 
O are circular in form and their free ends are turned away from 
each other so they may slip down over the members U and S, which 
are set in the insulating piece li. As soon as the pressure of the 
foot is released a spring returns the push hutton P and the electric 
circuit is broken. 

The sw’itch used on some of flie Delco systems is shown at C. 
In the latest form the motor generator has two independent wind¬ 
ings, both on the field and the armature. If the current from the 
battery is directed into the generator end the machine acts as a 
shunt motor and the armature rotates at a moderate speed. If the 
^ starting gearing will not mesh immediately when brought together 
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a starting buttoji on tlie dashboard enables the operator to pass the 
current tlirougli lli« generator winding, ihia causing the armature 
to turn over and fa^filitatiiig meshing of the gearing. The main 
starting switch luis only two i>oiJits. In the off iwsition the starter 



Fig. 299.—CoDYentlonal Method of Engaging Starting Gearing. 

is connected directly to the battery terminal. An auxiliary contact 
■on the starting switch breaks the circuit through the generator end 
and stops the current flowing when the device is used as a starting 
motor. A heavy copper bar is moved across the face of the con¬ 
tacts B, E and F, the switch normally connects E and P, a feature 
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which is necessary becriusc of the dual functions of the combined 

motor tfcncralor. AVlien the copper bar is moved to the left con¬ 
tacts B and F are brouglit into full electrical connection with one 
anotlier and the entin' battery current then flows to the motor. The 
contact pieces arc inoldcMi into a piece of insulating material. The 
contact bar is prj'ssed against them by means of si)rings. 



CiAV 4 Pau- Ri'noh Stmtihc b»ITri|, 



Fig. 300.—Showing Construction of Typical Motor Starting SwitclieB. 

Another form of laminated spring switch, which is known as the 
harpoon type, is shown at B. Tliis is of Ward Leonard design. It 
is designed for use with a starter having flywheel gear drive, there¬ 
fore it provides two contact i>oints. The first contact with resist¬ 
ance in circuit is secured when the fingers C contact or make con¬ 
nection with the plugs fi and F. Phirther movement of the switch 
short circuits the resistance by closing the main laminated eon- 
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SOI.—Sectional View. Sbowlng Constructioti of Higb Capacity Stor¬ 
age Batten Intended for tree With Motor Starting and lighting 
Systems. 


tacts M M. Those allow for consideraMe latitude of movement. 
The entire switch is built up on a piece of slate as a base and the 
resistance coils of wire are placed in the back of thifj- base piece"'* 
The switches shown may be considered representative design, 
though the construction varies with practicnlly every starting sys- 






































Pig. 30Zr-rWiriiig Diagram, Showiog the Coanectio&i of the D 
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tem. The "writer is indebted to the Horselc^ Age for the illustra¬ 
tions at Figs. 2i)0 and 300. 

Typical Wiring Diagrams, Delco System.—The various com¬ 
ponents of the DcJco starling, lighting and ignition system have 
been outlined in the preceding chapter on ignition. A wiring dia¬ 
gram of the DcIeo-OIds system is shown at the top of Fig. 302 for 
those with a sufficient knowledge of electricity to be able to trace 
the various wires. All of the iniits are sliown in diagram form, hut 

the operation of the systent may la* easily understood if the descrip¬ 
tion that has boon previously given is studio<l in connection with 
the diagram. The ignition system will draw its current either from 
a five-ccU dry buttery or from the storage battery. The function 
of the ignition relay baa lM*en previously described. It will be ob- 
sen^od that this system ojxTates on the (me wire method, all con¬ 
nections for return of current to the .slorago battery and thevarious 
units being made by tlje motor car frame. The broken lines indi¬ 
cate a ground eoniieelioii, while the full lines <lesignate wires. 
Considering the .slsn’ling connections first, it will be apparent that 
one of the terminals of tlie storage battery is grounded to the frame,, 
whereas.tJie other is joined to one of the terminals of tlic starting 
switch. Tlio other terminal of the starling switch is Joined to the 
windings of the motor generator, w’hich makes tliat device act as 
a motor to turn the engine crankshaft. Tlyi return from the mo¬ 
tor windings to tlie storage battery is by means of a grounded re¬ 
turn wire. With the switch in the position shown, the starting 
windings are not connected w'ith the storage battery, but the gen¬ 
erator windings arc. One of tlie generator ter’inuals is joined di¬ 
rectly to the frame. Tlie. other passes through the cutout relay 
and through the voltage regulator, botli of wddeh-have been pre¬ 
viously deseribod. Six of the terminals on the distributor head, 
which are for ignition, are joined to the spark plugs. The remain, 
ing terminal, which is in the center of the group, is joined to the 
secondary terminal of the -ignition coil. The circuit through the 
secondary is completed through a grounding wire, which is in elec¬ 
trical contact with the grounded bodies of the spark plug. The 
insulated terminals of the spark plug are joined to the six terminals 
on the distributor head. The primary winding of the ignition eoU 
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is joined to the circuit bronkpr through one tcrminnl, this, in turn 
passing through the dry battery to the ignition relay. The other 
terminal of the ignition coil is joined to the starting, lighting and 
ignition switch by a suitable conductor. 

The arrangement of this switch is such that the current may be 
supplied directly to the head, side and tail lamps from the storage 
battery at all times that the switch circuit is closed. It is also pos¬ 
sible <0 draw the ignition current either from the six-volt storage 
battery or from the battery of dry cells. The only time that the 
storage battery current flows through the starting motor windings 
is when the starting switch closes the circuit between the storage 
battery and tlie motor. At all otlier times the starting switch mem¬ 
ber is in such a position that the generator windings are in action 
and that the current from the armature is being passeil into the 
storage battery. 

Delco Motor Generator. —The motor generator which is located 
on the right side of the engine is the principal part of the Delco 
System. This consists essentially of a dynamo with two field wind¬ 
ings, and two windings on the armature with two commutators and 
corresponding sets of brushes, in order that the machine may work 
both as a starting motor and as a gejierator for charging the battery 
and supplying the lights, horn and ignition. The ignition appa¬ 
ratus is incorporated,in the forward end of the motor* generator. 
This in no way affects the working of the generator, it being 
mounted in tliis manner simply as a convenient and accessible 
mounting. 

The motor generator has three distinct functions to perform 
which are as follows: No. 1—^lotoring tlu! Generator. No. 2— 
Cranking the Engine. No. 3—Generating Electrical Energy. 

Motoring the Generator. —Motoring the generator is accom¬ 
plished when the ignition button on the switch is pulled out. This 
allows current to come from the storage battery through the am¬ 
meter on tlie combination switch, causing it to show a discharge. 
The first reading of the meter will he much more than the reading 
after the uniiature is turning freely. The current discharging 
through the ammeter during this operation is the current required 
to slowly revolve the armature and what is used for the ignition. 
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Fig. 303.—Wiring Diagram of Delco-Olds System in Non-Tectmical Form. 























fPhe ignition cnrrcnt flows only w'hpn the contacts arc closed, it being 
an intermittent current. The maximum ignition current is obtained 
when the circuit is first closed and the resistance unit on the rear 
end of the coil is cold. The current at this time is approximately 
6 amperes, but soon decreases to approximately SJ/J amperes. Then* 
as the engine is njiiniug it further decreases until at 1,000 revolu¬ 
tions of the engine it is approximately 1 ampere. 
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This motoring of the generator is necessary in order that the 
starting gears may b«‘ brought into inesh^ and should trouble be 
experienced in meshing these gears, do not try to force them, simply 
allow the starting pedal to come back, giving the gears time to 
change their relative position. ^ 

Generator Clutch.—A clicking sound will be heard during the 
motoring of tlio generator. This is caused by the overrunning of 
ti)e clutch ill the forward end of the generator which is shown in 
view 1, P'ig. 30^1 A. 

The purpose of tho g<*nera1or cliilcli is to allow the armature to 
revolve at a higher speed than Die jnimp slnirt (liu'ing the cranking 
operation and perniitling tiic pump shaft to drive the armature 
when the engine is running on its own power. A spiral gear is cut 
on tJie outer face of thi.s clutch for driving tlie distributor. This 
2 )ortion of tlio clutch is connected by an Oldliani coupling to the 
puini> shaft. Therefon*. its relation to the luimp shaft is always 
tho same and does not throw the ignition out of time during the 
cranking operation. This clutch receives lubrication from the oil 
that is contained in the fnint end of the generator whicit is jint in 
at 13 (view 1). This is to receive oil each week snflicient to bring 
tlic oil up to the level of the oiler. The arraugcinent of clutch parts 
is shown at Kig. .‘10313. 

Cranking Operation.—The cranking operation takes place when 
the starling pedal i.s fidly depressed. The stal ling pcidal brings the 
motor clutcli gears (view 1) into mesh and withdraws the pin P, 
(vicws l and 2) allowing the motor brush switch Id make contact 
on the motor commutator. At the same tiiiu tlie generator switch 
breaks contact. This cuts out the generator element during the 
cranking operation. As soon as tlie motor brush makes contact on 
tlio commutator a heavy current from the storage battery flows 
through the series field winding and the motor wdoding on the 
armature. This rotates the armature and performs the cranking 
operation. The cranking circuit, is shown in the heavy lines on the.., 
circuit'diagram (Fig. 303J). This cranking operation requires a 
heavy current from the storage battery, and if the lights are on 
during the cranking operation, the heavy discharge from the bat¬ 
tery causes the voltage of tlio battery to decrease enough to cau«»^ 
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the lights to grow dim. This is noticed especially when the battery 
is nearly discharged; also will be more apparent with a stiff motor 
or with a loose or poor connection in the battery circuit or a nearly 
discharged battery. It is on account of this heavy discharge current 
that the cranking should not be continued any longer than is neces¬ 
sary, although a fully charged battery will crank the engine for 
several minutes. 

During the eraiiking operation the ammeter will show a dis¬ 
charge. This is tlie current that is used bolli iu the shunt field 




Fig. 303B.—Generator Driving Clutch Only Transmits Power When 
Engine Speed is Greater Than Armature Speed. 


winding and the ignition current; the ignition current being an 
intennittent cniTeui of comparatively low frequency will cause the 
ammeter to vibrate during the cranking operation. If the lights 
are on the meter will show a heavier discharge. The main cranking 
current is not coiuluetcd through the ammeter, as this is a very 
heavy current and it would be impossible to conduct this heavy cur¬ 
rent through the ammeter and still have an ammeter that is sensitive 
enough to indicate .accurately the charging current and the current 
for lights and ignition. As soon as the engine fire.s the starting 
pedal should be released immediately, as the overrunning motor 
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clulcli is operatiiijr from the time tlm engine fires until the starting 
gears are out <^f mesh.. Since ther operate at a very high speed, if 
they are Jiehl in mesh f(jr any length of time, there is enough friction 
in this clutch to cause it to heat and burn oul the lubricant. There 
is no necessity for holding the gr*ars in mesh. 

Motor Clutch.—The nudor clutch operates between the flywheel 
and the armature j)iiiion for the fuirposc of getting a suitable gear 
reduction between the motor generator and the flywheel. It also 
prevcJits the armalnre from being driven at an excessively high 
speed during the short time the gears are meshed after the engine 
is running on its own jmwer. This e.iip is lubricated by the grease 
cup A, shown in view 1, Fig. lUKlA, This forces grease through the 
hollow’ sliaft to tile inside of the elutch. This eup should he given 

■ 

a turn or tw’O every wu'clc. 

Generating Electrical Energy.—When the cranking operation 
is finished tlie motor brush switeli is raised olf the commutator by 
the j)in P when the starting pedal is released. Tliis throws tlio 
starling motor out of action. As the motor brush is raised oiT the 
commutator tin* generator switch makes contact and comidetes the 
charging circuit. The armature is then driven by the e.\tension of 
the pump sliaft and the charging begins. At spec<ls above appro?^- 
inatoly 7 miles per hour the generator voltage is liigher than tfie 
voltage of tlic storage battery which causes eurremt to flow' from 
the generator winding through the armature in the charge direction 
. to the storage batterw’. As the .speed iiierea.s(i8 up to approximately 
20 miles per hour this charging curnmt inerea.ses, but at the liigher 
speeds the charging curreut decreases. Tlie cui ve, Fig. 303C, shows 
approximately the charging current that shoTild be received for 
different speeds of the car. There will he slight variations from 
this due t^) temperature changes and eoudilions of the battery wdiich 
will amount to as much as from 2 to 3 amperes. The regulation of 
the generator is explained in section 2. 

Lubrication.—There are five places to lubricate this Delco Sys¬ 
tem. No. 1—The grease cup for lubricating the motor clutch (D, 
view 1, Pig. 303A). No. 2—Oiler for lubricating the generator 
clutch and forward armature bearing (B). No. 3—The oil hole 
(C) for lubricating tlie bearings on the rear of the armature shaft 
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This is exposed when the rear end cover is removed. This should 
receive oil once a week. No. 4—The oil hole in the distributor, at 
A, for lubricating the top bearing of the distributor shaft. This 
should receive oil once a week. No. 5—This is the inside of the 
distributor head. This should be lubricated with a small amount 
of vaseline, carefully applied tw'o or three times during the first 
2,000 miles running of tlio car, after which it will require no atten¬ 
tion. This is to secure a burnished track for the rotor brush on 
the distributor head. This grease should be sparingly applied and 
the head wiped clean from dust and dirt. 

Method of Current Output Regulation.—TIio voltage regulator 
which has been ]>reviously described and which was used on the 
1914 and 1915 Delco Systems has been replaced by a system of 
“third brush excitation” hi tlic 191G systems. This has been very 
concisely described by tlic Delco engineers, and in order to make 
for accurate presentation of fact, the following descriptive matter 
is given in the same way as it appears in the Delco instruction books. 

There is I’cally only one point in regard to the generating of 
electrical energy wliich is difficult to understand, and the best of 
scientists are at us much of a loss on this point as the average elec¬ 
trician. This one point can be expressed in tlie one sentence which 
is as follows: “Whenever the strength of the magnetic field op the 
amount of magnetism within a coil is changed an electro-motive 
force is induced or generated.” This is variously expressed, but 
can be resolved into the same sentence as originally given. One of 
the most common expressions is, “Whonever an el ctrical conductor 
cuts the magnetic field or cuts magnetic lines of force an electro¬ 
motive force is induced.” In onler to measure this electro-motive 
force, it is necessary to make connection fi*om each end of the con¬ 
ductor to a suitable meter, by doing this a coil w^ould be formed. 
Therefore, this expression means nothing different from the original 


|xpression. On account of being more readily understood, this 
expression will be referred to in connection with the explanation of 


the action of the generator. 


The amount of the voltage that is induced (or generated) in any 


conductor or coil varies directly with tlie rate of the cutting of the 


magnetic lines; e.g., if we have a generator in which the magnetic^ 
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&e\d lemaius constant ai\(.\ the generator prodnccs 7 \o\ts at 400 
K. r. M., tlio voltape at 800 Tl. V. M. would be 14 volts, and it is on 
account of the variable speed of gonerators for aiitowobilo purposes 
that they must be c(inipped witli sorno means of ropfiiintion for 
holding the voltage very nearly constant. The regulation of this 
generator is by what is hnown as third brush excitation, the theory 
of which is as follows; 

Tiio moto)* geTiernfor consists essentially of an iron frame ain? a 
field coil with two windings for magnetizing fliis frame. The arma¬ 
ture, which is the revolving element, has wound in slots on its iron 
C(>re a motor winding and a generator wiiuling connected to corre¬ 
sponding coninmtators. Each commutator lias a corresponding set 
of bruslies which are for tlic purpose of collecting curnuit from, 
or delivering ciiiTcut to tlic armature windings while tlie armature 
is revolving. 

"When erajiking, current from the storage battery flows through 
the motor winding magnetizing the armature core. This acting 
upon the magnetism of the frame causes the turning effort. When 
generating tlie voltage is induced in the generator winding and 
when the circuit is completed to the storage battery this causes the 
charging current to flow into the battery. Tlie brushes are located 
on the commutator in such a position that they collect the current 
while it is being generated in one direction. (The current flows one 
direction in a given coil while it is passing under one pole piece 
and in the otlicr direction when passing under the opposite pole 
piece.) Wlien the ignition button on the combination switch is first 
pulled out the current flow's from the storage battery through the 
generator armature winding, also through the shunt field winding. 
This causes tlie motoring of the generator. After the engine is 
started and is running on its own pow'er this current still has a 
tendency to flow in this direction, but is opposed b}' the voltage 
generated. At very low speeds a slight discharge is obtained. 
At approximately 7 miles per hour the generated voltage exceeds • 
that of the battery and charging commences. As the speed increases 
above this point the charging rate increases as shown hy the curve 
(Fig, 303C). The regulation of this generator is effected by what 
is known as third brush excitation. 
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Since t\\e magnetic ficid of t\\o. generator is prodnced by the 
current in the sbnut field winding it is evident that should the 
shunt field current ch^creiise as the speed of the engine increases 
the rcgaliition would he aiTceied, Ji. order to fully understand this 
explanaliou it must be borne in mind that a current of electricity 
always has a magnetic effect whether this is de.sirahle or not. Tte- 
f(*rriiig to Fig. the tlieory of this regulation is ns follows: 

The full volluge of f)je generator is oblaijied from the largo brushes 

martcfrT''and“D.” 

■\V h e. n the magnetic 
field from the pole 
)»ieees N niid S is not 
disturbed by any olliej* 
influence ouch e«)il is 
treneraling uii:‘onitly 
}iS it passes under the 
pole pieces. The volt¬ 
age from one commu¬ 
tator }){ir to the next 
one is practically uni¬ 
form around the com- 
m ulator. Therefore, 
the voltage from brush 
C to brush E is about 
5 volts when the total 
voltage from brush C to brush D is 6^ volts and 5 volts is applied 
to the shunt field winding. This 5 volts is suffitient to cause ap¬ 
proximately amperes to flow’ in the sluint field winding. 

As the speed of the generator is increased the voltage increases, 
causing tlie current to be charged to the storage battery. This 
charging current flows through tlic armature winding, producing 
a magnetic effect in the direction of the arrow B. This magnetic 
Effect acts upon the main magnetic field which is in the direction 
of the arrow A with the result that the magnetic field is twisted 
out of its original position in very much the same manner as two 
streams of water coming together are each deflected from their 
original directions. Tins deflection causes the magnetic field to he 





Fig. 303D.—Diagram Illustrating Function of 
Tbird Brush In Begulating Delco Gener¬ 
ator Output. 
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strong at the pole tips, marked G and F, and weak at the oppositl^ 
pole tips with the result that the coils generate a very low voltage 
while passing from the brush C to the brush E (the coils at this 
time are under the pole tips having a weak field) and generates a 
greater part of their voltage while passing from the brush E to D. 
The amount of this variation depends upon the speed that the'^' 
generator is driven; with the result that the shunt field current 
decreases as the speed increases as shown in the cur^'e. 

By this form of regulation it is possil)le to get a high charging 
rale between the speeds of 12 and 25 miles per liour, and it is with 
drivers whose average driving speed comes between these limits 
that more trouble is experienced in keeping the battery charged. 
At the higher speeds the charging current is decreased. The driver 
who drives his car at the higher speeds requires less enrreiit, as expe¬ 
rience has taught that this type of driver makes fewer sto})s irf 
proportion to the amount the car is driven than the slower driver. 

. Tlie output of these generators can be increased or decreased by 
changing the position of the regulating brush. Each time the posi¬ 
tion of the brush is changed it is necessary to sandpaper the brush 
80 that it fits the commutator. Otherwise the charging rate will he 
very low due to the poor contact of the brush. This sliould not bo 
attempted by any one except compettnt mechanics, and this charg¬ 
ing current should be carefully checked and in no case should the 
maximum current on this generator exceed 22 amperes. Also 
careful watch should he kept on any machine on which the charging 
rate has been increased to sec that the commutator is not being 
overloaded. Considerable variation in the output of different gen¬ 
erators uill he obtained from the cun-e sho\Mi, as the output of the 
generator is affected by temperature and battery conditions. 

Condenser.—The condenser consists of two long strips of folded 
tinfoil insulated from each other by paraffin'd or oiled paper, and 
connected as shown in Fig. 303E. The condenser has the property 
of being able to hold a certain quantity of electrical ensrgy, and 
like the storage battery, will discharge this energy if there is any 
circuit between ils terminal. As the distributor contacts open the ' 
magnetism commences to die out of the iron core, this induces a 
voltage in both the primary and secondary windings of the coil. 
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This induced voltage in the primary winding amounts to from 100 
to 125 volts. This charges the condenser which immediately dis* 
charges itself through the primary winding of the coil in the reverse 
direction from which the ignition current originally flows. This 
discharge of the condenser causes the iron core of the coil to be 
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Fig. S03E.—Diagram Showing Internal Wiring of Delco Ignition OolL 

f 

quickly demagnetized and rcmagnetlzed in the reverse direction, 
with the result that the change of magnetism within the secondary 
winding is very rapid, thus producing a high voltage in the second¬ 
ary winding which is necessary for ignition p urposcs. In addition 
to rapidly demagnetizing the coil the condenser prevents sparking 
at the breaker contacts—^thus it is evident that the action of the 
condenser can very seriously affect the amount of the spark from 
the secondary winding and the amount of sparking obtained at the 
timer contacts. 

lotion Coil.—This is sometimes mounted on top of the motor 
generator and is what is generally known as the ignition trans¬ 
former coil. In addition to being a plain transformer coil it has 
incorporated in it a condenser (which is necessary for all high 
tenedon ignition systems) and has included on the rear end an 
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ignition resistance unit. The coil proper consists of a round core of 
a nuiuher of small iron wires. Wound around this and insulated 
from it is the primary winding. Tlic circuit and arrangement of 
the different parts are shown in Pig. 303B. The primary current 
is supplied through the oouibination switch and resistance on tlu* 
coil, through the primary winding, to the distributor contacts. This 
is very plainly shown on the circuit diagram, Pig, 303J, It is the 
interrupting of this primary current by the timer contacts togellu r 
with the action of the condenser which causes a rapid demagnetiza- 
lioitJof the ii-ou core of the coil that induces the high tension current 
in the secondary winding. This secondary winding consists of sev¬ 
eral thousand turns of very fine copper wire, the different layers of 
which are well insulated from each other and from the primary 
winding, one end of wliich terminates at the high tension terminal 
about midway on top of the coil. It is from this terminal that the 
high tension current is conducted to the distributor ■whore it is dis¬ 
tributed to the proper cylinders by the rotor shown in Pig. 303TT. 

Ignition Resistance Unit.—The ignition resistance unit wliich 
is shown in Pig. 303E is for the purpose of obtaining a more 
nearly uniform current through the primary winding of the igni¬ 
tion coil at the time the distributor contacts open. It consists of 
a number of turns of iron wire, the resistance of which is consider¬ 
ably more than the resistance of the primary winding of the ignition 
coil. If the ignition resistance unit was not in the circuit and the 
coil was so coiistructed as to give the proper spark at high speeds, 
the primary current at low speeds would be several times its normal 
value with serious results to the timer contacts. This is evident 
from the fact that the primary current is limited by the resistance 
of the coil and resistance unit by the impedence of the coil. (Im- 
pedenee is the choking effect which opposes any alternating or pul¬ 
sating current magnetizing tlic iron core.) The impedence increases 
^ the speed of the pulsations increase. At low speeds the resistance 

the unit increases, due to the slight increases of current heating 
the resi.stance wire. 

The Circuit Breaker. —The circuit breaker is mounted on the 
combination switch as shown in Fig. 303P., This is a protective 
device which takes the place of a fuse block and fuses. It prevents 
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the discharging of the battery or damage to the switch or wiring 
to the lamps, in the event of any of the wires leading to these 
becoming groiinded. As long as the lamps are using the normal 
amount of current the circuit breaker is not affected. Bnt in the 
event of any of the wires b(jcoming grounded an abnormally licnvy 



Fig. S03P.-“Views of Delco Combination Switch With Indicating Am¬ 
peremeter Combined. 

current i.s conducted Ihrough Ibe cirenit breaker, thus producing a 
strong magnetism wliicb attracts the polo piece and opens tlio con¬ 
tacts. This cuts off the flow of current which allows the contacts 
to close again and tlie operation is repeated, causing the circuit 
breaker to pass an intermittent current and give forth a vibrating 
sound. It requires 25 amperes to start tlie circuit breaker vibrating, 
but once vibrating a current of three to five amperes will cause 
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it to continue to operate. In case the circuit breaker vibrates re¬ 
peatedly, do not attempt to increase the tension of the spring, as 
the vibration is an indication of a ground in the system. Remove 
the ground and the vibration will stop. 

The Ammeter. —The ammeter on the rigid side of the combina¬ 
tion switch is to indicate the current that is going to or coming 
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Fig. 3030.—^View Of Delco Combination Switch and Circuit Diagram 

for Same. 

from the storage battery, with the exception of the cranking current. 
Whep the engine is not running and current is being used for lights, 
the ammeter show's the amount of current that is being used and the 
ammeter hand points to the discharge side, as the current is being 
discharged from the battery. When the engine is running above 
generating speeds and no current is being used for lights or horn, 
the ammeter will show charge. This is the amount of current that 
is beiiio into the battery. If current is being used for 
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^lights, ignition and horn in excoss of the- amount that is being gen¬ 
erated, the ammeter will show' a discharge as the excess current 
must be discharged from the battery, but at all ordinary speeds the 
ammeter will read charge. The charging rale for different car 
K]K*cds when no current is being used for lights or horn, is given 
^in the curve, Fig. 303C. 

Oonstruction of Delco Ignition Distributor.—Tt is well undor- 
ylood that a rich mixture burns quieker than a lean one. For this 
reason the engine will 
stand more advance 
Avith a half open throt¬ 
tle than Avith a wide 
open throttle, and in 
order to secure the 
^proper timing of the 
ignition due to these 
variations and to re¬ 
tard the spark for 
starting, idling and 
carburetor adjusting, 
the Delco distributor 
also has a manual con¬ 
trol. The automatic 
feature of this distribu¬ 
tor is shown in Fig. 

303H. With the spark 
lever set at the running 
position on the steer¬ 
ing wheel (which is 
nearly all the way 
down on the quad¬ 
rant), the automatic 
feature gives the 
^proper spark for all 
speeds excepting a 
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Fig. 303H.—Showing Construction of 1916 
Delco Distributor for Six Cylinder Igni¬ 
tion. Note Six Lobe Cam. 


wide open throttle at low speeds, at Avhidi lime the spark lover 
should be sliidiilv retarded. When the iimilieu is too far ad- 




614 


Automobile Repairing Made East/ 



Tig. 3031.—Arrangement ef Wiring of Z>elco*Oakland Starting, Lighting and Ignition System. 
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VaneeJ it causes loss of power and a knocking sound within tho 
engine. With too late a spark there is a loss of power (w'hieh is 
usually not noticed excepting by an experienced driver or one very 
familiar with the car), and heating of the engine and excessive 
consumption of fuel is the result. .The timer contacts shown at 
I) and (Fig. 30311) are two of the most important jtoints of 
an automobile. Very little attention will keep these in perfect con¬ 
dition. These are tung.sten metal, whieli is extremely hard and 
requires a very high temperature to melt. Under normal condi¬ 
tions they wear or burn very slightly and will very seldom requirti 
attention; but in tlie event of abnormal voltage, sucli as would be 
obtained by running with the battery removed, or with the ignition 
resistance unit shorted out, or with a defective condenser, these con¬ 
tacts burn very r}ij)idly and in a short lime will cause serious igni- 
^tion trouble. The car sliould iicjt b<j onerated with the battery 
removed. 

It is a very easy matter to check the. resistance unit by observing 
its iieating wlien the ignition button is out and the contacts in the 
distributor are closed. If it is shorted out it will not heat up, and 
will cause missing at low speeds. A defective condensi^r such as 
will cause contact trouble will cause serious missing of the ignitiou 
Therefore, any one of those troubles arc comparatively easy to 
locate and sliould be immediately remedied. These contacts should 
be so adjusted that when the fiber block B is on top of one of the 
lobes of the cam the contacts arc opened the thickness of the gauge 
on the distributor wrench. Adjust contacts by turning contact 
screw C and lock with nut N. The contacts should be dressed with 
fine emery cloth so that they meet squarely across the entire face. 
The rotor distributes the high tension, current from the center of 
the distributor to the proper cylinder. Care must be taken to see 
that the distributor head is properly located, otherwise the rotor 
brush will not be in contact with the terminal at the time the spark 
occurs. 

^ Combination Switch.—The combination switch is bcated on the 

cowl board and makes the necessary connections for ignition and 
lights. Tlie “M”'bnttou controls the magneto type ignition and' 
the button, the dry battery ignition. In addition to this both. 
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the and buttons control the circuit between the generator 
and storage battery. When the circuit between the generator and 
the storage battery is closed by cither the or button 

on the eomhination. switch, the direction of flow of the current is 
from the battery to the generator when the engine is not running, 
as w’ell as wlien it is running below 300 R. P. M. But the amount 
of current that flows from the battery at the lowest possible engine 
speeds is so small tliat it is negligible. That used on Biiick 1915 
cars is shown at Fig. 303G, the type supplied on 1916 cars is out 
lined at Fig. 303F. 

To Time the Ignition.—1. Fully retard the spark lever. 2. 
Turn the engine to mark on flywheel about one inch past dead 
center to the “7 degree** line, with No. 1 cylinder on the firing 
stroke. 3. Loosen screw in center of timing mechanism and locate 
the proper lobe of the cam by turning until the button on the rotor 
comes under the high tension terminal for No. 1 cylinder. 4. Set 
this lobe of the cam so that when the back lash in the distributor 
gears is rocked forward the timing contacts will be open, and when 
the back lash is rocked backward the contacts AVILL JUST CLOSE. 
Tighten screw and replace rotor and distributor head. 

Hints for Locating Trouble.—1. If starter, lights and horn all 
fail, the trouble is in the storage battery or its counections, such 
as a loose or corroded connection or a broken battery jar. 2. If the 
lights, horn and ignition are all O. K., but the starter fails to crank, 
the trouble is in the motor generator, such as dirt or grease on the 
motor commutator, or the motor brush not dropping on the com¬ 
mutator. 3. If the starter fails to crank or cranks /ery slowly, and 
the lights go out or get very dim while cranking, it indicates a 
loose or corroded connection on the storage battery, or a nearly 
depicted storage ])attery. 4. If the motor fires properly on the 
“M** button, but not on the “B** button, the trouble must be in 
the wiring between the dry cells or the wires leading from tlie dry 
cells to the combination svilch, or depicted dry cells. If the igni¬ 
tion works 0. K. on the **B** button and not on the “M** button, 
the trouble must be in the leads running from the storage batterj' 
to the motor generator, or the lead running from the rear terminal 
on the generator to the combination switch, or in the storage battery 
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itself, or its connection to tbc frame of the car. 5. If both systems 
of ignition fail, and tlie supply of current from both the storage 
battery and dry cells is 0. K., the trouble must be in the coil, 
resistance unit, tinier contacts or condenser. This is apparent from 
the fact that these work in the same cai)acity for each system of 
ignition. 

jVeiV'r rm% ike car xvilh the slontga halfcrg disconnected, or 
while it is off the ear. Very seriovs damage to the niotor-generator 
mag risvU fro7n snch aclion. 

Never remove ang electrical apparatus from the car or make 
auy adfustmcuiii without first disconnecting the storage battery. 
This can he done most conveniently by removing the ground com- 
ncclion. Jiememher, a loose, corroded or dirty connection on the 
battery can put hoik starting and lighting systems out of commis¬ 
sion. 

Bijur-Packard System.—Tlio self-starting and lighting system, 
Fig. 302, used on the Ihickard, is niaiiiifnetured by the Bijur Mo¬ 
tor Lighting Co. In this system the starting motor ami generator 
are separate units. The starting eirenit is simple, consisting of a 
motor connected directly to t!ie battery and operat(;d by closing a 
slarting switch. 

Ill the generator circuit llie principal jiarts are: The generator; 
an automatic switch for breaking the circuit when the sjiecd of the 
generator becomes so low that the battery current would discharge 
through it, and a voltage regulator of tlie vibrator typo. A study 
of the wiring diagram shows that the automati* switch has two 
coils, a voltage coil of high resistance connected across the wires 
leading to the battery and a current coil in series with tlic genera¬ 
tor and battery. The action of tliis coil is such that as the arma¬ 
ture speed increases and the voltage becomes greater, the magnet¬ 
ism generated in this coil attracts a small steel arm, thus completing 
circuit between the battery and the generator. Current then flows 
to the battery and lights. 

On the other hand, as the speed of the generator decreases, its 
voltage becomes loss and finally a point is reached where the cur¬ 
rent begins to flow back into the generator. This reversal of flow 
produces a magnetic field in the scries coil of the cutout which 
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opposes the field produced l»y tlie voltage coll, until finally the at¬ 
traction of the latter for the steel arm that completes the circuit is 
entirely overcome and tiieu the arm, impelled by a spring, breaks 
contact. 

The voltage regulator operates on the vibrator principle, and is 
designed so that when the voltage becomes higher than the predeter* 
mined amount the vibrator throws a resistance into circuit that re* 
duces the amount of current flowing through the field. This di¬ 
minishes the voltage. "When the voltage becomes too low, the vibra¬ 
tor flies back again and allows full current to pass through the flcld 
once more. The movement of this vibrator is extremely rapid, 
making about 150 oscillations per second, so that in actual prac¬ 
tice, no change in voltage, in one direction or the other, is noticeable. 

Now looking at the diagram, it is seen that this regulator con¬ 
sists of a vibrating arm which is actuated by an electro-magnet con¬ 
nected across the mains running from the generator. "When this 
arm is not attracted by the magnet, full field current is allowed to 
flow through wire A from one generator lead up through tlie shunt 
field to the other lead of the generator, tluis full flcld strength is 
obtained and a rising voltage is generated, which finally causes the 
magnet coil to pull this arm out of contact, thus breaking the cir¬ 
cuit. When this occurs, the current must flow to the field through 
the resistance B, and this resistance reduces the. flow of the current 
and weakens the field so that the generated voltage drops. This 
reduction in voltage causes a smaller current to flow through the 
magnet winding and then the attraction of the magnet weakens, 
allowing the arm to fly back, thus enabling full current to flow 
through the field again. This cycle is repeated 150 times a second. 
Special provision has been made so that the contact points on the 
regulator will not bum away. 

T^ere is nothing unusual in the wiring, which may be easily 
followed from the diagram. 

Hartford Starting System. —The wiring diagram at Fig. 804 
shows clearly the method of connecting the various appliances 
forming part of the Hartford starting and lighting system. This 
is a 12 volt, two wire starting system, with a connection so the 
lamps receive their current from the battery on the three wire sys- 
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tern. The two terminals of the generator are connected to the stor¬ 
age battery in the usual way, one directly to a terminal, the other 
through the automatic cutout. When the knife-switch is closed, the 
battery current flows through the motor windings and turns the 
jtmgiijo crankshaft. The connections are so clearly shown that 
further description is unnecessary. The speed of the generator 
armature is governed by the centrifugal governor, which is de¬ 
signed to keep it at 1200 revolutions per minute. The lighting 
switch is of the selective barrel type, liaviug three positions of the 
handle, one of which will give the head and rear lamps, the inter¬ 
mediate pcjsition lighting the side and mar, while the last position 
sends the current fhrougli all tli(' lamps. I'his switch is not shown 
in the cliagrajii. 



Fig. 304.—^Wiring Diagram of Hartford 12 Volt Starting System, Having 
Tbree-Wlre Method of Supplying Ourrent to 6 Volt Lamps. 

The Auto-Lite System.—The 1915 Overland can use the Auto- 
Lite system, which is shown at Fig. 305, A. This is a six volt, three 
unit system, operating on the one wire principle. The ignition 
function is performed by an entirely distinct appliance from the 
starting and lighting systems, namely, a high tension magneto. 
Five wires run from this magneto, four of these running the spark 
plugs, one for interrupting the ignition through a fuse box to the 
controlling switch. The generator is driven from the motor crank¬ 
shaft by a silent chain. The starting motor, which has the switch 
mounted integrally, turns the engine crankshaft through a gear out 
on the flywheel rim. One of the wires of the generator is grounded, 
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Fig. 305.—Complete Wiring Diagram of Starting and Iiighting System 
Used on 1915 Overland Automobiles at A, Fart, Sectional View of 
Storage Battery at B, Design of Circuit Breaker Shown at 0, £x* 
temal View of Generator at D, and Starting Motor Oonstrnctlon 
at E. 
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the remaining wire loading from that device runs through the cir¬ 
cuit breaker and from that member through the fuse box and 
switch to the storage battery. Two wires run from the six volt 
hattorj', one of those terminating on a switch terminal of the start¬ 
ing motor Avhile tlie other attaches to one of the motor terminals. 
Tlie remaining motor terminal is grounded. The various appli- 
iiiKM's comprising this system are all clearly shown, and the wiring 
may !)(» easily traced from the various units through the fuse hox 
and switch by careful study of the diagram. In order to simplify 
w'iritig, the wires going to the switch are all colored difFereutly. 
Tliis insures that tlicy will l>e leplaced on the proper terminals if 
removed. 

Tlie storage battery used willi tliis system is shown at Fig. 305, 
II. It is a special Form, in which tlie three cells arc placed end to 
end instead of .siile by side, making a long, narrow battery instead 
of the iisiuil construction, which is a]»j)roximately square. The con* 
stnictioii of tlie circuit breaker is shown at C, the contact points, 
which are the only jiarts needing attention, being clearly outlined. 
Tlie generator, which is a very simple device, is shown at B, the 
points reipiiriijg lubrication, and the removable plates for inspec¬ 
tion of the brushes are clearly depicted. The starting motor is 
shov\ ti at E. lh<‘ pinion wdiicli engages the gear on the flyw’heel is 
shown moujited on the armature shaft, ami the eover, which nor¬ 
mally covers the lirush end of tlie motor, is removed in order to 
show the inetliod of reaching the motor bnuslies when tliese members 
need alteiitTon. 

Gray & Davis System.—The starting and liE.hting equipment 
used on the Model 711, 1914 Overland, is the. Gray & Davis system, 
shown at hhg. 306, and comprLses three imincipal units: 

a—Tlie generator which jirodiiccs the current and delivers it to 
the lamps and storage battery. 

b—The storage battery which accumulates the current thus gen¬ 
erated and delivers it to the lighting system or the starting motor, 
as occasion demands. 

c—The starting motor, which receives current from the storage 
battery and revolves the engine wdienever it is to be set in motion. 




Fig. 306.—Wiring Diagram of Overland Gray & Davis Two Unit Starting and Lighting System. 
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Besides those tJiree principal units the system includes the fol- 
auxiliary apparatus: 

(I—All automatic eulout, whose function is to disconnect the 
generator from the storage battery when the engine is stopped or 
running below tlie speed at wiiicli the generator \s voltage is high 
enough to charge the battery. Tlie cutout is located on the engine 
side of t!ic dash. 

e—'riu; stalling switch, wliieh is a pedal-button located in the 
flooi* board of tii(‘ car convenient 1o ttie foot of the operator. 

f-—The ammeter, whose purpose is to show whether the sy.steiu 
is working properly or not. "When the dynamo is running and 
sending eurrent to the storage batti-ry the ammeter hand will point 
to the right of zero or at “charge.” When the lights are burning 
or the starbT motor is running, llii.s iiantl will point to the left of 
zero or at “discharge,” thus indicating the rate at whicli current 
is going out of the storage battery. 

The speed of the generator i.s controlletl by an automatic clutch 
that is so designed that, no matter how fast the engine runs, tlm 
generator will not be driven faster tliau a certain jircdetermined 
speed Avliicl) corresponds to that at which the engine runs when 
driving tlie car at 12 milcK per hour on high gear, but, of course, if 
the engine drojis below this speed the generator will also. This is 
done by means of a centrifugal governor which regulates the slip¬ 
page of the clutch so that the generator cannot be driven faster 
than tlie ])redeteniiined speed, the greater tl)(< speed of the engine 
the more tlie clutch slips. 

The current load is automatically taken cnr( of hy a compound 
winding on the generator. The starting motor is a series wound 
machine, that is, the entire armature current passes through the 
field. The, motor is provided with an over-running clutch, which 
allows it to drive the engine but automatically disengages when 
the engine starts so tliat the engine will not drive the motor. If 
such a device were not fitted the generator might be injured by the 
motor driving it at too high a speed. 

As already explained, the function of the automatic cutout is 
to disconnect the generator from the battery when the engine is 
stopped or turning so slowly that its voltage is below that of the 
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battery. Tf this cutout were not provided the storage battery would 
dUchurge back into the gcuiTUtur. 

Tlie- cutout consists of an clectro-niagnet with two windings. 
One is a sliunt winding of many turns of fine wire and the other 
a series wimliug (d* a few turns of heavy wire, both windings being 
over a soft iron core. The shunt winding is 2 )(*rinaMently connected 
across the pr)sitivL* and negative teTininals of tlie getieratoj', so that 
Miieii the generator comes up to charging sp(‘ed. this winding ener¬ 
gizes the magnet eoiv and the magnet eoro attraets a steel arm that 
closes tlic civeuit between the generator and tlie battery. 

So long as the cutout points are closed the current must pass 
through the series winding of the cutout. This current adds its 
magneUziiig influence Lo that of the sliunt winding and holds tli« 
points togetlier. The culnnl is designed so tlial it doses at a ear- 
si)ced of 12 miles per hour and opens at 10. 

If, now. the sjieed of the generator <lrops Ix^low charging a]>eed, 
the current begins (o (low through the eiiloul series winding in the 
reverse direction. Tlihs weakens tin; pull and allows the points to 
fly apart, through the agcne 3 '’ of a sfiring. 

Now that a giuieral iflea of tlie (liirer‘nt parts of the Gray & 
Davis system has been obtained, the path of the current in the dif¬ 
ferent wires will he exiilained. The illustration shows this .sys¬ 
tem uitli a veiy eonipleto oijuipmont. Jiesides the usual head, side 
and tail lights, tliere arc lullar lights, dome lights, a speedometer 
light and an electric liorn connection. It will be noticed that the 
return eireuits arc tlirdugh the frame vvitli the excejdion of tlio 
connections between tiio storage battery and tlie starling motor. 

First we will trace out the How of current wJien the starting 
switch is closed, this circuit being shown by tin; heavy black lines. 
Current Hows from the tdiis tenniind of the storage battery out 
through wire A to the motor, where it paasijs through the series 
field and the armature and from thenee through the wire T to the 
starting switch and from there through the wire C to the negative 
pole of the battery. 

Below’ 9 or 10 miles an hour or when the motor is at rest the 
cutout is open and therefore current for the lights must be fur¬ 
nished by the battery, and its patli is as follows: It runs out through 
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wiro A to one lormiinil of tbc slurtiri*' nnttor, it goes to the 

frame through the groUTxl wire Z. Fi'oni tliriice it runs to the 
lamps. From the lamps the curiTiit passes to tlu* Junetion switeh, 
where all the lamp torniinals are eonueeted to the teriuiiial.I', and 
1‘rom here the eurrent Hows tlirougli the series field 4 I* genera¬ 
tor and on out t])roiigi\ wire F to a teriaina! on tJie eutoiit, and 
iVoin (lieiieii to llie ammeter oYtu* the short >\in* Ih l^'rom the am¬ 
meter it goes via wire 1) to a binding pnst nn the starting switeh, 
from whij'h it eoTineets ^^itll tin* tnlu-r pul*' < 1* tin- hallei'v by uire 
0- At or over 12 miles per hour t he eiilonl eo itaet n(Miits are eliised 
as jH‘'‘vionsly di'seriliei!. (’nrrent is then sn tplieil to the storage 
battery if il needs eluirging ami als* in aiiN llu- lamps that are in 
eirenil. 

H! the )»allery imeils re<*liareing il is «>r n-.,.- h. |oy,- the voltage 

<tf the *.'«'nei'}itor and lln rei'ore enr: od \' il ov (■» i( luitil its volt¬ 
age hi'eoiiies equal to thal of the generator, wlien the tlow will aulo- 
niatieally stop la'eaiis(* the eleetrieal j)re.ss\ire at the two j)oints is 
the same. The enrrenl passes fnan tlie p(»si1ive terminal of the 
generator through win* <1 1(» the scries eoil of the (Mitoiit and from 
Ihonoe thrnngJi wire Y to the rrame. It flows through the frame 
np through wire Z to one terminal on the motor and from tlnnice 
tlirough wire A to the plus pole of llie liattery. The return cinmit 
is through wires C ami 0 to the amnieter and from thenec through 
wires K and F baek to the generator. Tlie flow of current from the 
generator to the lami)s is as follows: Through wii'e Cl and the series 
coil of the eiitoiit and wi'-e V to the frame, 'ftiis jmrt of the cir¬ 
cuit is identical with thal for cliarging the slot ige l)altery. Then 
the current goes through the frame and ui> through tlie ground 
wires to the lamiis, from whenee it passes to the terminals on the 
junction switch and on Ihrotigh wire P to the generator. It will 
]>c noted that the generalop and hallery eirenits to Ihe lamps are 
■ indej>endent, so that should anything liappeji to the liattery, the 
lights could ho operate<l hy the generator alone. Diagrams of Gray 
& Davis 1915 systems will he found 011 folding jdato, Fig. 307, in 
both non-teehiiical and leciniical fonu. 

A niimber of parts eompri.sing the 1015 Gray & Davis starting 
system is shown at Figs. 303 and 300. The eonstrnctioii of the 
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Fig. 308.-—Starting Motor and Switcli Detaila Used in 1915 
Gray & Darts Starting System. 
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type Y motor used in conncelion ■with engines of the open flywheel 
type is clearly shown in the part sectional view at the top of the 
illustration. As the Gray & Davis systems may be had in either 
the one wire or two wire type, two forms of switch are provided. 
One of these, which is shown at B, Fig. 308, is used in a two wire 
system and has botli terminHls insulated. This must be wired up as 
shown at E. The heavy leads from the storage battery are con¬ 
nected as indicated. One of the storage battery terminals is con- 
nect(*d to the terminal on the starting motor, while the other start¬ 
ing motor terminal'wire goes to one of the insulated switch termi¬ 
nals. Tim other insulated switch terminal is connected directly to 
llie remaining storage battery terminal. Wbim used in connection 
witli the one wire system the starting switch has one terminal 
grounded, us shown at C. 

The approved arrangement of the starting switch is as depicted 
at the top of the illustration, in Avliich the contact is not estab¬ 
lished until the sliding pijiion has hc'en meshed with the gear of 
the flywheel. The construction of the overrunning clutch used with 
the Gray & Davis system is shown at D. This functions the same 
as the overrunning clutch previously described, tlie drive being se¬ 
cured between the member 4, which is keyed to llie intermediate 
shaft, and the rediicliou gear 2, which is turned by the motor pin¬ 
ion 1 through the medium of the clutch rolls 3. Light coil springs 
are employed to push plungers, designed to make more positive the 
engagement of the rolls of the overrunning clutch. 

The fuse block, which is an important adjunct of the one wire 
system, is combined at the rear of the lighting switch, as shown at 
A, Fig. 309. The function of the fuse is to ^-urn out should an 
overload occur in any circuit due to damaged insulation. The 
fuses are readily renewable, these being shown at D. The fuse con¬ 
sists of a glass lube, which contains a piece of fusible alloy wire 
that joins two metal caps, these caj>s being used to establish con¬ 
tact with the clips on the sides of the cotiiiectors at-the back of the 
switch. The fuses should be handled carefully, and in removing 
same for examination it is well to do this with a sharp piece of 
wood, which is used as a pry back of the fuse instead of attempting 
to remove them with pliers or a screwdriver, M’hich may break the 
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Fig. SOS.—Oeuerator and Battery Construction Used in Gray & Davis 

1915 lilgliting and Starting System. 
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glass or otlierwiso damage the fuse. An iinportaut adjunel to assist 
ill locating tronhlo is a six volt lamp, such as shown at C. This Ls 
of material assistance in Iraeincr eieciiits. 

The latest form of Gray & Davis dynamo, wliich dispenses witii 
the (*eiitrifu(?al governor ii.sod on tlio other types illustrated. Is 
shown at D, snpplu‘d for diroel drive hy an extension of the timing 
gear shaft and for ehaiii drive at M. The dynamo sljown at I) 
is provided witli gearing to drive a timer distrihutor for ignition 
purposes. The eiirivut supply is govenusl hy the regulator eiil- 
ont, whieh i>erfori)is two didii’s in the new systems. One of these 
is to i'<'gula1<* the dynamo to seeure iiuil'onn eurrent outjmt, while 
in the otlier instaiiee it eoniKels l!ie dynamo into the system only 
wIh'II sutlieieid turivnl is giuerated to eharge the ha11«Ty. Gur- 
ren) regulation is ])i'<ivided hy short eiveniliiig or shimling field re- 
.sisfan<M‘s or to insert fin- held re'^islances into the field cireuif. The 
ohjeet. of the field resislane*' is (o reiai'd the Mow of eurrent in those 
windings. 'When the dymuno is at vest (lie entout points are opened 
and the r(‘gnlator points elus«*d. As (lie dynamo firs! .speiuls up the 
regulator points rmnaiii <'los»'d and the field ra.sistaiiee is sliort eir- 
eiiited. Tins iH-rniits tlie dynamo to huihl np its full field streiiglli. 
WheJi the jirojier voltage is reaehed tin’ eiituiil jioinls ehise, peniiir- 
liiig eurrent to How tlirougli flu* series winding to llie system. As 
the dynamo speed inereasi's heyoiid that Jieeessary for full output, 
the pull of the shunt winding allraels the regulator armature. 
This reduees llu* iiressnre at the regulator p<mits and inserts a re¬ 
sistance into the field circuit, this })reven(ing further increase of 
output. The freijueney with wineli the resistance is pul into the 
circuit is in proporiiou with the amount of spe mI variation. The 
form of battery used vith the Gray & Davis system is shown in 
part scelion at D, Dig. Jh)!). ll does not ditTcr materially in struc¬ 
ture from iypes previously deserihed. 

Locating Troubles in Gray & Davis System.—Tn event of trou¬ 
ble with llie Gray & Davis lighting system, the makers recommend 
a careful study of the symptoms, which will usually provide a 
guide to find the com]jO]jGnt at fault. Tlie iiuiicator on the dash 
shows positively any failure of the generator or any break in the 
wiring. If the indicator does not indicate “clmrge” when the en- 
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gine is speeded up hut shows discharge” when lights are turned 
on and the engine at rest, the dynamo or current regulator is not 
working properly. A common trouble is the dynamo brushes not 
sliding freely in their holders. If the dynamo is driven by friction 
belt this may be too loose to drive the dynamo at proper speed. 
If the indicator does not indicate charge” with the engine speeded 
up and docs not indicate ”discharge” with the lights on and the 
engine at rest, one should look for an open circuit or loose con^ 
nection in the battery wiring or for corrosion or looseness in the 
storage battery terminals. Sometimes the dynamo terminals may 
have loosened and imperfect contact exifst at this point. Should the 
indicator show ”discharge” with the lights turned off and engine 
Qt rest (providing that the indicator pointer is not bent), the in¬ 
sulation on lamp wires may be injured, this permitting contact witli 
the frame, causing a short circuit. If the indicator indicates 
charge” with the engine at rest, it is a positive indication tliat the 
pointer is bent. 

If the charge indications are below normal with the engine run¬ 
ning, it may be on account of slipping of the driving belt if tlie 
dynamo is driven in that manner, or because of poor adjustment of 
the centrifugal governor, if that t 3 'pe of dynamo is used. If the 
ammeter discharge” indications arc above normal it is a sign 
that the lamp load is excessive or one of the lamp wires is in con¬ 
tact with the frame. When the indicator pointer jerks from one 
reading to another with engine running at constant speed on the 
discharge scale, it means cither a short circuit in the system or a 
loose terminal. If trouble is experienced from fuses burning out 
repeatedly, i^ is a sign that the lamp wires are in contact with the 
frame at some point or that one of the lamps is defective because 
of d short circuited filament. If the engine cranking speed is very 
low and this is not due to the engine being stiff, such as would be 
Che case in cold weather or after the engine has been overhauled 
and bearings tightened, it may be considered a positive indication 
that the stor^e battery is almost discharged or that it is defective 
in sume way. If the starting motor does not rotate; the battery 
may be discharged, the starting switch may not be making good 
contact or a motor brush may not make good contact with the com- 
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mutator. There may he an open circuit iu the battery wiring to 
the motor, or there may be a poor circuit or contact because of cor- 
roded battery terminals. If the starting motor rotates but does 
not crank the engine, it is a sign tliat the overrunning clutch docs 
not work properly or that the starter pinion is not properly meshed 
with the flywheel gear. 

If the lamps will not light but the starter cranks the engine, 
this shows that the storage battery is in proper condition and that 
the trouble is due to burned out or broken lamp filament or de¬ 
fective lamp fuses. If the lamps bum brightly but fiiil to illumi¬ 
nate the road sulTlcicully, the bulbs may be out of focus in respect 
to the parabolic reflector of the lamp or the lamp supports may be 
bent in such a way that tlie rays of light may be directed too fur 
upwards. If the lamps burn dimly or not at all and it is difficult 
to crank the engine with the starting motor, this means a weak or 
discharged storage battery. In addition to this, the lamps may be 
old and have blackened insides, the system might be slightly short 
circuited, or considerable resistance may be present, due to loose or 
dirty connections. If the lamps blacken or burn out quickly they 
are not of the proper quality if they are six volt lamps, and not of 
the proper voltage if otlier than six volt lamps. There is one ex- 
ci*ption to this rule, and that is the bulbs of tlie tail lump and dash 
light, which are three volt lamps when these two are wired together 
iu series. Burning out of the lamps may be caused by the regula¬ 
tor not working properly, and if this is the case the lamps will 
burn out-at high engine speed. If the lamps flicker and the am¬ 
meter or indicator needle is unsteady, look for loose connections in 
the light wires, loose connections between baitery and dynamo, 
loose contact at a lamp connector or lamp bulb, poor contact be¬ 
tween fuses and fuse clips, or an exposed wire touching the frame 
intermittently. 

If one suspects that the battery is discharged, its condition may 
be readily determined by using the test lamp, sliown at 0, Fig. 
309. The test lamp may also be used for locating short circuits 
or open circuits. It is well to bear in mind that the lead terminals 
of the battery should be scraped clean and bright at the point where 
the IcFjt lamp wires bear in order to insure a good clean contact. 
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If the test lamp burns brightly it shows that there is current in 
llie storage battery. To locate a short circuit the fuses are re¬ 
moved from the rear of the switcli and the wire is disconnected 
from the negative battery terndnal. Connect one of the test lamp 
lernnuals to the tree battery terminal and touch the other tost lamp 
wive to the frame of tho car. The test lamp should liglit if good 
('(‘iitact is made, tliis indicating that the i)ositivo battery terminal is 
properly conii(‘etetl to the ground. Keep one test lamp wire in 
eoiiTact with tho negative terminal and touch tho other wire to tho 
Olid of tlie battery wire just disconnoeted. If the tost lamp lights 
it shows that a conductor or wire eonneeted to tlie battery, lamps, 
h<»rn or starting motor is in contact with or grounded to tJie fi'ame 
of the car. 

-Any wires having injiin^d insulation should be wrappeil with 
electrical tape to prcveid. nictallie corilaet between the euuduetor 
and the fraiiu.*. Open circuits arc best indicated liy feeling of the 
wires where they fasten to tJie terminals to make .sure tliat posi¬ 
tive contact is made and that tlic terminal binding nuts arc not 
loose, Short circuits may also be located if no test lamj) is avail¬ 
able by following the vai’ioiis wires and il’ any of these are found in 
I'ontact with the frame, it is a wisi jirecaiitioii to pull them away 
and to wrap the section that was in contact witli the frame thor¬ 
oughly with insulating tape. Tf one hinip flickei’s and the rest 
burn brightly, look for a poor eonnectiou between the lamp and the 
lamp connector, a loose torininal at the junction switch or a defec¬ 
tive fuse. If all lamps flicker, look for loose eouuectioiis in wiring 
bet ween battery and junction switch. When lamp bulbs have been 
renewed in head lights it is sometimes uee.essary to refocus llie 
lamps. Head liglits should not exceed J5 candle power, and should 
always be of the liigli cfTieicuicy filament type, (^heap carbon fila¬ 
ment lamps will not only consume inidm^ current but will not j>rovc 
''enduring. T\ingsten fliameut lamps are best. 

Chalmers-Entz System. —This is us(‘d on the Chalmers Model 
26 and is shown at Fig. 310. It comprises a motor-generator, bat¬ 
tery, s^vitch and regulating device. The feature of the installation 
is that'it prevents the gasoline engine from stalling, even when the 
car is in gear. For all normal driving the dash switch is left in the 
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Fig. 310.—Wiring Diagram of Eutz One Vnit System. 
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]>ositii)n at the oxtronie riglil, or, in other words, tlie starting sys¬ 
tem is constantly connected with the motor. For contont driving 
at speeds in excess of 30 miles an hour the dash switch should bo 
moved to the middle position in the slbt. In this position the igni¬ 
tion of tile motor is still operative, hut the generative portion of 
llic starting system Is cut out so that the battery no longer is being 
charged. When there is a tendency for the engine to stop the elec¬ 
tric motor automatically picks up and turns the engine over until 
proper firing occurs. 

When the dash switch is thrown to the on position, current flows 
from the battery to the motor-generator, which as a motor re¬ 
volves at about .100 r. p. m. As soon as tlie <mgin(< attains a speed 
of approximately 600 r. p. m., G to 8 miles per liour, car speed, 
the directioji of the current, due to the way the switch is conuectod 
to fields Hud armature is reversed and the electrical machine then 
becomes a generator, wdiich in turn charges the storage battery. 
In tlie illustration, showing the wiring of the Entz system, the volt¬ 
ages of the lamps are shown. In the case of tlie head lights, the 
small bulbs incoriiorated are also shown. 

Kemy Two-Armature Lighting and Starting System.—The 
electric starting motor and lighting generator on Series AA Na¬ 
tional cars is the Rcmy Model Ii30 six volt system. The electric 
machine employs two separate armatures and two separate fields, 
the motor being siiperiuipos(‘d upon the generator, although both 
arc in one steel casting, making a neat, compact unit, familiarly 
dubbed a ^‘double decker.** The wiring diagram is shown at 
Fig. 311. 

The two armatures are connected together by a train of gears 
and an overrunning clutch, so that the gears and motor armature 
are in operation only w’hen the starting switch is pressed. Incor¬ 
porating the reduction gearing and overrunning clutch of the 
.starting-generator unit in an oil bath, insures silent operation dur¬ 
ing starting, as external gears and the mesJiing of the same are 
entirely eliminated. 

The unit has only one drive shaft and is connected to the en¬ 
gine by an Oldham coupling. This allows of quick and easy re¬ 
moval from the engine for inspection if necessary, although large 
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inspection plates are provided on the unit itself, which is con¬ 
veniently and accessibly located on the engine. Although the frame 
for the tw'o units is a steel casting, tlie magnetic circuits are en 
tirely indcpendc'nt, as Tuay he seen from the illustration. The 
generator is shunt wound and is automatically regulated for cou* 

Slant eurrent by a vihratnr. wliieh is moimtod on the same base 

with the relay or electric cutout. The function of the regulator is 
to keep the output of the generator constant regarilless of the 



Fig. 311.—Wiring Diagram of the Bemy-National Starting and Lighting 

System. 

speed of the engine. The relay is .simply an olcclric switch which 
opens and closes the circuit hetween the generator and battery auto¬ 
matically to prevent dia§ipation of battery current in the generator 
when the engine is at rest. 

The motor is of the conventional series type and is wound to 
withstand heavy overloads. Armatures, brush holders, fields, etc., 
are built in accordance with standard electrical practice. The gen¬ 
erator windings are protected against injury by means of a fuse 
located on the relay-regulator base. Should the battery become 
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disconnected eitlior IhrongU accident or neglect, this fuse will burn, 
thus proleethig generator and Held against excessive voltage, which 
w’ould result if the field circuit were not opened. 

To start the engine the oi)erator presses the starting switcli, 
which puts the motor armature into motion, engages the gearing 
and eluteJi, and turns the engine over. AVhen the engine is run- 
iiing under its own i)ower the clutch and engine are automatically 
disengaged and the unit operates only as a generator. The lamp 
load of the car is carried by tlie gejierator at about 32 miles per 
hour. As a ‘Hdl-lalc’* an indicator is employed, from which the 
operator may determine whetlier the gciuTalor is working proi>- 
orly. A simple lighting switeJi is used for turning on any cmnhiua- 
tion of lamps. No side lamps are used, as tlie head la7ni)s contain 
small independent l)ul})s for signal lamps. The Ivvo-wire system of 
wiring is used. It has been carefully devehjped, resulting in a very 
simple layout, as may he seen from the accompanying wiring plan 
of the system as applied to the six-cylinder National car. 

Faults in Motors and Generators.—AVhilc every (;t¥ort has been 
imide by tlie manufacturers of eb'clric starting and lighting sys¬ 
tems to have the various units Tiinetiou as nearly automatically as 
possible, it will be evident tliat some attention svill bo needed by 
the various luiits. Tlie generator .stiould be looked over from time 
to time and sbould any carbon dust be worn from the bruslies by 
tJie commutator and dei>osited in tlie lower part of the casing it 
should he blown out with compressed air. It is stated that an ac- 
euinulution of this dust may result in a ground to tlie geiierntor 
case or produce a short circuit between the brush carrier and ease. 
If the commutator is blackened or rough it must be smoothed down 
with fine sandpaper while the armature is rotating. Never use 
emery cloth for tliis purpose. After smoothing down the commu¬ 
tator remove all particles of metal which may hi'idgc across be¬ 
tween the copper segments. The insulating material between the 
commutator segments should not be higher than the surfaces of 
the segment, and if any of it projects it must be filed down slightly 
lower than the copper pieces by using a small file. 

The brushes are the part of the generator that demand the most 
attention and to which most of the troubles in devices of this kind 
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are due. They shoiild bo examined to see that they are in perfect 
contact with the commutator and that they do not stick in the 
brush holders. Any dirt or grease on the brush assembly should 
be removed. One of the most fertile causes of poor brush contact 
with the commiitator is on account of insufficient spring tension. 
■\Vlicn examining the brushes <!are should be taken to sec that these 
arc maintained positively in contact with the copper segments. 
Care should be taken not to have the spring pressure too great, as 
this would produce rapid doju’ccialion of the brushes and heutinj; 
of the comiJiutator. llnishcs that have worn down till they arc 
short must be replaced with n(*w ones. AVhen replacing brushes 
be sure that tlicy fit the commutator surface exactly over the whole 
area of the end of the !)rusli, and in all cji.ses use brushes for re- 
]#lacomcnl furnished b^' the maker of the generator. In some gen¬ 
erators, shunt connections, which are called “pigtails,’* are used for 
connecting the brushes. If the new brushes furnished by the fac¬ 
tory have these connections attached care slionld be tJikcn to make 
iJjc connection exactly the s^ame as on the old brushes. 

It is iuipcrative that the commutator be kept clean, as any oil or 
grease on the segments will collect carbon dust and produce short 
circuiting. T!ic brush liolders should be entirely insulated from 
I he carrying case, and if any of tlie insulating bushings, washers 
or plates are found defective tlu*y must, bo replaced with new ones. 
Should the battery or generator be disconnected for an)' reason, 
do not operate engine again until tliey are eonneclcd. Never nui 
a generator unless connected to the battery. AYitb the* engine run¬ 
ning and lamps burning, if tlie amperemeter l and stays at zero it 
indicates that tiie generator is producing exactly tlie same amount 
of current as the lamps arc eonsuniijjg. If the hand is on the dis- 
chai'ge side of zero it means tJiat the ciirrcnt.-eonsuming units are 
hurning more than the generator is producing. If the pointer is on 
the charging side of the scale it shows that the generator is pro¬ 
ducing more chrrent than is being used by the lamps. 

The starting motor is subject to the same electrical troubles as 
the generator is. These are grounds, short circuits, brush and com¬ 
mutator troubles. Defects in either the motor or generator drive 
are of a purely mechanical nature and can be easily located by any 
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competent repairman, The CCUlrifugal governor used on many 
generators is not apt to give any trouble unless some of the parts 
fail or the action becomes clogged with oil and grease. If the 
springs tending to return the weights are broken or become weak¬ 
ened the generator will not deliver the proper amount of current 
because the drive will not be positive. Any accumulation of oil 
that will interfere with proper frictional adhesion between the 
clutch parts where a governor is employed will also result in fail¬ 
ure to drive. 

Faults in Wiring.—In the two wire system every wire, con¬ 
nector and socket-must be insulated from the car and should not 
be in metallic contact at any point except at the terminal. It is 
imperative tliat all wires he insulated from each otlier and the car 
frame except at points where permanent connections are made. All 
connections should be soldered to insure positive contact and se¬ 
curely wrapped with insulating tape. The wires must be held 
securely by means of cleats of insulating material and must bo 
mounted in such a way that there is no possibility of sharp metal 
corners or edges wearing through the insulation and causing 
grounds or short circuits. 

All wiring sliould be protected from the rotting action of grease, 
oil and water, and when the wiring is run where- these substances 
are apt to accumulate, the regular insulation should be supple¬ 
mented by a conduit of insulating material such as circular loom or 
fiber tubing, or armored cable should be used. All wires should be 
so installed that there is no danger of interference between them 
and operating rods and levers. The abrasion of these members will 
wear through the insulation, and result in short circuits. Brass or 
copper terminal connections should be used at all points and no 
connection should be made by winding the strands of wire around 
the terminal. One or more of the strands may bridge across the 
terminal or to some metal part and cause a short circuit or ground. 
Special care should be taken with the connections in*the lamps and 
other points. By the term “short circuit“ electricians mean that 
two wires of opposite polarity are in metallic contact. Under such 
conditions the. storage battery will be discharging and there will 
be no lights at the lamps. A short circuit may occur at any point 
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in ilie wiring system, but is usually found at terminals that have 
been carelessly made or by worn insulation on wires. 

A short circuit will be indicated by the position of the ampere¬ 
meter pointer. Always note the position of tbc index hand of that 
instrument when the car is stopped. With the engine at a stand¬ 
still and no lamps burning the hand should point to zero. If it 
docs not the aTuperemeter is either out of calibration or there is a 
leak of current from the battery at some point in the wiring. To 
ascertain if the amperemeter is correct, uncouple one of the battery 
terminals of the lighting system. Obviously/if the hand swings to 
z(iro, the trouble is leakage of current, which should be immediately 
corrected after the trouble is located. If the index does not point 
to zero wdien the battery tonninal is disconnected, the instrument is 
out of calibration, and while this does not affect the operation of 
the system it sliould bo taken into account w'hcn reading the am> 
peremeter. If the engine backfires when the ignition is interrupted 
and it makes one or tw’o revolutions in the reverse direction, the 
amperemeter pointer may he found at the extreme of the scale on 
the discharge side. This is caused by the circuit breaker contact 
being held closed and means a short circuit of the battery through 
I he generator winding. Tliis must be corrected at once by mo¬ 
mentarily disconnecting one of the generator wires or starting the 
engine. If the wires are removed from the generator for any rea¬ 
son make sure that they are connected to the same terminals as 
they were originally. If the wires are reversed the amperemeter 
will indicate a dead short circuit by swinging to the extreme on 
the discharge side of the scale when the engine .3 started, and if this 
defective condition is not corrected the battery will be soon dis¬ 
charged. In case of a short, circuit examine all of the wires con¬ 
nected to the battery terminals and to the lighting switch. Make 
sure that the insulation is perfect and that it has not been cut 
through at anjr |^oint. Whenever any wires are removed from any 
of the units always mark the terminals and the wdre so that they 
will be replaced exactly as they were originally. If a short circuit 
exists when all the switches are opened, if one takes off a battery 
terminal and makes and breaks contact between the wdre and that 
member a small spark will be in evidence. If no sparking occurs, 
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connect up the terminal to the battery and then with the engine 
at a standstill close tlie switches to the lighting circuit one at a 
time and watch the amperemeter closely as each switch makes con¬ 
tact. If the pointer does not move far from zero it shows that the 
current consumption is normal; if, however, the pointer swings to 
the extreme of the discharge scale it is evident tliat a short circuit 
exists somewhere in the circuit just brought into action. All the 
circuits can be tried in this manner one at a time. If the ampere¬ 
meter indicates only a normal amount of current consumption for 
the various lighting circuits it is apparent that no further search 
is necessary. Jf, however, the needle indicates a short circuit on 
one or more of the switch positions, examine the wires carefully 
for the circuits at fault, and if the trouble' docs not exist there it 
may be located in the lamp socket, the connector or the bulb itself. 
In case one or more lamps fail to burn the trouble is due to cither 
a broken wire or a defective connection at the switch, connectors or 
lamp sockets or a bulb or fuse is burnt out. 

The following instructions relative to tlic care of the lamps and 
storage battery of the Auto-Lite system are taken from an instruc¬ 
tion book prepared by this company and apply to similar com¬ 
ponents of all systems. Complete directions for the care and charg¬ 
ing of storage batteries arc given in the i>receding chapter, but at 
the same time a review of the important points to keep in mind in 
connection witli the maintenance of the butteries used in lighting 
and starting systems will prove of value to the motorist or repair¬ 
man who does not desire to go thr)rougldy into the subject of 
storage battery charging or maintenance. 

To clean head and side lamp reflectors, remove from lamp body 
and carefully blow out any dust which may have collected on the 
reflecting surfaces. Then dip a small piece of absorbent cotton in 
alcohol and lightly wipe over the surface—always from the back 
to the front. To focus the lamps, open the swinging front of tlie 
lamp and direct the light upon some smooth vertical surface at a 
distance of about ten feet. Loosen the adjusting serew on the slide 
at the rear of the reflector, and move the bulb and socket out and 
in until all rings disappear in the illuminated area. Then tighten 
down the adjusting screw* and close the lamp. Any further adjust- 
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ment of the lamp must be made by bending the arms of the lamp 
bracket with a heavy wrench until the light from each lamp strikers 
the road at the point desired. 

Do not connect additional apparatus^ such as electrical horns, 
cigar lighters, etc., to the system without taking the matter up with 
the factory. The surplus capacity of the system is large, but there 
is a limit to the amount of curr(?nt which the generator can pro¬ 
duce. Use the same judgment and reason in the operation of the 
electric lights on a car as you do those in your home or garage. 
■When a car is running it is not necessary to burn all the lights, the 
two heads and the tail are all that are required or that are of any 
service. When the car is standing at night, use tlie side and tail 
lights only. When push type connectors are used, if jialves of con¬ 
nectors are loose when pualicd together, the contact will be poor. 
Spread the connector posts slightly so tluit they will slide in their 
sockets snugly. Tf Kdiswan type arc used, and plunger springs in 
connector do not operate, replace the connector with a perfect one. 

The storage battery is made up of several hard rubber cells or 
containers for the active plates and liquid electrolyte. The whole 
is surrounded by a wood casing for meohatiical protection and ease 
in handling. Each individual cell is provided with a screw cap 
for inspection and the addition of electrolyte or distilled water 
when necessary. (See Pig. 301 and Fig. 305, B). The electrolyte 
must at all times cover the tops of the plates at least one-quarter 
inch. Insufficient electrolyte will result in warped or buckled 
plates, and an accumulation of sediment at the bottom of the cells. 
The battery will be ruined in a short time if the tops of the plates 
are not kept covered. Each cell must be inspected at least once 
every week in summer and once every two weeks in winter. All 
screw caps must be removed and distilled water added to each cell 
to make up for the. natural evaporation. If distilled water cannot 
be had use clean rain water which has not come in contact with 
metal or cement. 

Never add acid to the cells of the battery. If part or all of the 
electrolyte has been lost tlirougli accidental spilling or leakage get 
full instructions and advice from the maker. An hydrometer, ar¬ 
ranged with a rubber bulb to draw a portion of the electrolyte 
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from each cell, furnishes the best indication of the condition of the 
battery. The hydrometer shows the specific gravity of the elec¬ 
trolyte, which for a fully charged cell should be 1280 on a specific 
gravity scale. If the car is out of service for a considerable length 
of time, as wlieii laid np for the winter, it is necessary to charge 
the battery at regular intervals. This may be done by running the 
engine at a car speed of twenty miles per hour for at least one 
hour every two weeks. If the car is to be stored, and it is not con¬ 
venient to charge as above, the battery should bo removed from 
the ear and placed in a reliable garage to be properly taken care of. 

If your battery is arranged with terminal posts for the wiring 
connections these must be examined occasionally to sec that they 
are clean and free from sulphate. The tliorough application of a 
small amount of vaseline at the metal connections to the battery 
posts will prevent sulphating and conseejuent corrosion and poor 
electrical contact at these points. If the electrolyte leaks from the 
joints, bottom, or wood sides of the battery case, one or more of 
the hard rubber cells are cracked or broken. The battery must be 
returned to the factory for repairs or replacement. The metal bat¬ 
tery box must be thoroughly wiped out with a cloth saturated with 
ammonia to neutralize the acid and prevent corrosion. The top 
of the battery must be kept clean and dry to prevent a leakage of 
current between tlic terminals. See that the battery is held se¬ 
curely in its metal box or other container. If necessary pac’i 
tightly wdth waste to prevent the battery shaking about from jolt¬ 
ing of the car. Tools, other metal articles, or anything of value 
should not be placed near the battery as the acid fumes will cor¬ 
rode and destro.v metal, cloth and like material. Make certain that 
the battery terminals cannot toueli the cover of the metal battery 
box. A thin sheet of wood fiber fitted inside the cover of the bat¬ 
tery box will prevent short circuiU or grounds from this cause. 
It must be remembered that the efficiency of any storage battery 
decreases with drop in temperature and it is only about 50 per cent. 
eMcient at zero temperature. For this reason the demand for cur¬ 
rent should be kept as low as possible in cold weather aud lamps 
turned off when not needed. 

The user of any electrical starting and lighting system will 
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Fig. 312.—Wiring Diagram, Showing Typical Lighting System. 


avoid Irouble and expense by Ihe obscn'ation of llie following 
instructions: 

Don*t replace worn-out brushes with any others than those sup¬ 
plied by the maiuii’acturer. 

Doii*t put oil or grease on the coiUTnutator of the generator or 
motor. No lubrication is wonted there. 

Don*t turn the hose on the generator or motor when washing 
your car. 

Don^t lighten up on the silent chain drive unless the slack be- 
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comes CTCcssive from stretching. The chain must he run w. -ur 
pcasonehle amount of slack to prevent noise and wear. a’ 

Don't fail to lubricate the silent chain drive at frequent intei ' 
vals. Noise will be eliminated and wear reduced. Keep the cliaiii 
and sprockets clean, and free from dirt and gravel. 

I'on't run your car, if for any reason the hfittei'y is discon- 
uectad from the circuit, unless you have disconiiectod the chain 
driving the generator, pr the generator itself has been njuiovcd. 

Don't attempt to propel car witli starter. Such ‘‘stunts” are 
inten^sting, but expensive. Gasoline is for that purpose. 

Don't attempt to make adjustments of any kind in the circuit 
breaker. 

Don't fuss with the system when it is operatijig i)roperly. 

Typical Lighting System.—Tii order to sliow clearly the wide 
use that is made of electric current, even on ears not provided with 
an electric starting motor, wiring diagrams are .shown at Fig. 312 
which represent the framij and body wiring of a Packard tourin^ 
car without starting motor. This wiring is used solely for cc 
vcying battery current to the lamps and other current-consumi: 
units, which includes a Klaxon liorn and speedometer light in a 
dition to the usual lighting equipment of six lamps. Two rea^ 
lamps are provided, one of these the usual rod sigual specified by 
law, the other is a white light used to illuminate the license tag. 
In order to make it possible to remove the body from the chassij^ 
without destroying the wiring, the current conductors are run in 
two independent groups, one being secured to the body, the other 
running through suitable conduits attached to the frame. The 
upper view shows tfii^ body wiring with the storage battery con¬ 
nected, though, this member is carried by the frame and has n 
connector which may be readily broken when desired to join tl 
battery with the body junction box. Among the appliances ca 
ried by the body may be mentioned the side lamps, the speedomett ' 
and Idash lights, the Klaxon horn, and the two tail lamps. Tl 
arrangement of the wiring is clearly shown in the illustration, tl > 
method of running the ivires from the junction box to the varioi / 
units is clearly defined. Attached to thg chassis are the two hef 
lights, the storage battery, and the lighting generator. Tn th 
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Fig. 313.—Group of Lamps Used in Connection with Electric Llgbting System. 
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system the generator is used to charge the storage battery, the 4 

rent going through the usual automatic cutout switch to preve^ 

a reversal of current at such times that the generator is not sup 
plying enough energy to charge the battery. As is true of the dia?. 
gram presented above, all of the circuits are clearly shown and may 
be readily followed by any one. 

The construction of the various forms of electric lamps used in 
motor car lighting systems is clearly shown in Fig. 313. The 
lamp outlined at A is a combination form, designed to use either 
kerosene or electricity, the former being used only in the event of*' 
failure of the latter. The side lamp at B is a neat form, intended 
to use eleeti’icity only. Dash, coil and speedometer lamps are de¬ 
picted at C. A combination trouble lamp and cigar lighter is 
shown at D. The trouble lamp at E is an easily portable form 
and is convenient for use around the power plant, gasoline tank, 
etc., deriving its current from the regular battery. A combination 
tail lan^p, having red lens at the rear and a white glass at the 
side to iUuminate the number plate, is shown at F. The approw^ 
construction of a variable focus electric head lamp is shown at^:* 
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CLUTCTL AND GKAUIJOX FAULTS 

Principal Clutch Troubles Outlined—('one Clutch Construction and Adjust* 
ment—(^one Clutch Hepulr—date and Disc Clutclies—Band Clutches—- 
Planetary Gearset Repair—Friction Drive Faults and Reinedies— 
Troubles in Sliding Gear Transmission. 

It is not Hiffioiilt to loeiitr defects in th(^ power plant, as the 
symptoms resulting from fauKy action of the engine mechanism 
and the parts of tlie auxiliary groups arc such that can be readily 
recognized by comparatively inexperienced repairmen. There arc 
a number of points in the power transmission system that may de¬ 
preciate in service and their faulty action will not be immediately 
discovered. There may be serious wear in the power transmis¬ 
sion elements, sucli as the gear box and the rear axle, which will 
mean a serious diminution in the amount of power delivered to 
the rear wlieels. As these faults arc usually of a purely mechan¬ 
ical nature, they are not generally known, and as a rule only show 
up in a positive manner when a car is ovcrliaulcd thoroughly. 

Principal Clutch Troubles Outlined.—The first member of the 
power transmission system ttj be considered is the frictioh clutch 
in its various forms, and it is important that clutch troubles be 
readily recognized, as the power, capacity and speed of the entire 
vehicle will be affected if the clutch action is not as it should be. 
Considering first the general troubles which are apt to material¬ 
ize with all types of clutches, we will consider as the most important 
a too sudden or harsh engagement, which causes grabbing,’* fail¬ 
ure to transmit the entire engine power, lack of capacity due to 
failure to engage properly and poor or slow release, which results 
in “spinning.” Clutches that.employ frictional material as a 
facing will not act properly if the material becomes worn or if it 
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18 glazed over. Besides the trouble due to defective friction mem¬ 
bers, there are other portions of the clutch mechanism that de¬ 
mand care and inspection. As the cone clutch is tlie moat com¬ 
mon, we will describe the construction of a typical clutch of this 
nature and then consider the methods of repairing defects that 
may materialize in service. 

Cone Clutch Construction and Adjustment. —The cone clutch 
assembly shown at Fig. 314 is that us('d on National automobiles 
and is one that has given excellent service. The female member 
machined in the flywheel rim while the male member, from which 
the clutch type takes its name, is a truncated cone or saucer-shaped 
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Fig. 314.—Clutch and Control Pedal Aasembly of National AutomohUo. 
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member cast of alumiiiiim, wliich has a frictiou facing of leather. 
The clutch cone transmits power by virtue of frictional adhesion 
with the flywheel rim, this amount of friction being incr(3ased by 
the wedging action due to the angular face of the clutch memberB. 
The pressure maintaining the parts in engagement is produced by 



Fig. 316.—Sectional View, Showing Oeax Box and Clutch Assembly, 
Forming Part of Unit Power Plant. 

a substantial coil spring carried by the flywheel extension, this- 
spring exerting its pressure against the cone-carrying member* 
and having its reaction absorbed by an anti-friction bearing of the- 
ball form. The power from the clutch cone carrier is transmitted 
by a double universal joint to the gearbox, placed back of the clutck 
,jand about midway on the chassis frame. 
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The views of the National chassis presented at Fig. 339 will 
show the relation of the clutch and gear box in the National car 
very clearly. When it is desired to interrupt the engine drive tlie 
clutch release pedal is depressed, this pulling the clutch cone car¬ 
rier so the cone is palled away from the female clutch member. 
In order to prevent “spinning” and make gear shifting easy, an 
soon as the clutch cone is fully released a friction brake interlocked 
with the dutch pedal is brought in contact with a small brake 
drum member, which retards clutch movement. Another form of 
friction dutch, showing its relation to the gearbox of a unit power 
plant, is dearly outlined at Fig. 315. This is of Covert manu¬ 
facture and w'ill be found on a number of 1915 automobiles. When 
the clutch and gcai*set are incorporated as a unit the design of the 
engine is such that the gear box is bolted directly to the engine 
crankcase iu order to obtain a unit power jdant. In this cone dutch 
the spring pressure maintaining contact between the male and fe¬ 
male dutch members is produced by four coil springs carried out¬ 
side of the dutch cone, where they may he easily reached through 
the dutch case cover when it is necessary to increase their tension. 

It will be apparent that as the dutch facing wears and the cone 
seats itself deeper into the female member that the spring tension 
may be reduced to some extent. In the dutch sliown the spring 
pressure may bo increased as desired by pulling out the split pitis 
that keep the castellated adjusting nuts from turning and screw¬ 
ing each of these mcmbcj’s in the same amount, endeavor being 
made to have the tension* of all springs as nearly cciual as possible. 
The dutdi springs exert their pressure against the dutch cone at 
one end and the reaction is takiui through the stud to a spider mem¬ 
ber between the dutch cone and the flywheel, which bears against 
a ball thrust-bearing carried by the crankshaft extension member 
bolted to the flywheel, as indicated. When it is desired to release 
the dutch, the pedal rocks a shaft to which a yoke member is fas¬ 
tened. This yoke member carries rolls which bear against an up¬ 
turned flange on the dutch cone carrier, which also transmits the 
power of the engine to the squared end of the primary shaft. The 
construction of the gear box will be described in proper sequence. 

The clutch shown at Fig. 316, A, is used on models B-24 and 
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Pig. 816.—PxocesMS Inadental to Befacing Clutch Cone Outlined. 
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B-25 Buick cars. It is of the leather-faced cone type, having three 

pluDgors pressed against a leather facing by coil springs to make 
for easy engagement. The construction is clearly shown in the ac¬ 
companying sectional view, which also points out tlic portions 
needing lubrication. Of those, the clutch spindle is Jiibricatod by 
a grease cup carried by tlie clutch cone, while a i^ipe plug is placed 
in the spring housing to introduce grease for the thrust bearing. 
In this clutch the spring tension may be increased by screwing in 
the threaded nut on the end of the crankshaft extension. The 
clutch cone is of aluminum and is taxjcred in the usual way, having 
a standard angle of 123^ degrees. Tlie cone is lichl in engagement 
with the flyw'heel by the large coil spring enclosed in a housing 
member, that also serves as a cluteii eono carrier. At the rear of 
this sleeve or housing member is i)hieed the coupluig which connects 
the clutch with the primary shaft of the change speed gearing. The 
housing carries a collar connected with the clutch pedal, so that 
w'hen that member is dejircssed the clutch spring is compressed and 
the cone pulled away from the flywhcid rim. Aflor the clutch has 
overcome the inertia imparted hy the flywheel it remains station¬ 
ary when released, the crankshaft e.vlension rotating freely inside 
of the clutch spindle bearing. 

The most common cause of faulty cluteli action is some defect 
of the leather facing, as this lOay be packed down hard or charred 
by heat from slipping, or it may have been used so long that the 
leather has lost its life and become hard, with a glazed surface that 
has a very low degree of frictional adhesion. The clutch spring 
may have become weakened or broken; this will cause the clutch to 
slip, even if the leather facing is in good condition. The two trou¬ 
bles usually met with are harsh action as one extreme condition 
and power loss because of slipping as the other. If the surface of 
the leather lining becomes hard and does not have enough resiliency 
to yield slightly when first brought into frictional contact with a 
flywheel rim, this results in harsh engagement. To insure-gradual 
clutch application the friction lining should he soft and elastic. 
If the leather has not been charred or is not worn too much it may 
often be softened by rubbing it with ncatsfoot oil and allowing 
that substance to soak into the pores of the leather. Kerosene oil 
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is often enough to keep the clutch leatlier soft and pliable, and it 
has au added advontago in that it has so little lubricating value 
that tl)e clutch mcmbci’S arc not- likely to slij) because of reduced 
friction. Kerosene also has a quick ]»enetration property that is 
valuable and docs not collect grit or gum. Cylinder or machine oil 
should never he used to soften a clutch leather. 

When a cone clutch slips and the friction facing is not worn 
or the spriijg tousioji is not lessened the trouble is usually due to 
a coating of Jubricatix\g oil on the frictional material, that reduces 
the friction so that the j)ressure of the clutch spring is not great 
enough to keep tiie clutch i)arts lightly pressed together in posi¬ 
tive driving engagement. A simple remedy for thus defective con¬ 
dition is to absorb the surplus luhHeant by nibbing a small quan¬ 
tity of Fuller’s earth into the leather surface. When a clutch cone 
is assernliled it is not easy to reach llu; friediou lining. The first 
step is to dis(’Jigngc or release the clutch and fa.stcn the releasing 
mechanism in such a way tliat Iho clutch cone will stay out of en¬ 
gagement even wlion the jn’essure is r<«l(’ased on the pedal. On 
some cars the clutch release and emergency brake applying me¬ 
chanism arc interlocked so that apjilying tlie hand lever will release 
the clutch. The clulch may he held out of engagement in this case 
by latching the omergeney brake lever. The Fuller's earth is 
placed on a jiicce of pa])er or card so it can he sjirinklcd into the 
.space left between the male and female incrnhers. Powdered borax 
is often recommended for the same i)nrpose. Kosin is sometimes 
advised, but this material should not he iilaced between the clutch 
members, as if there is any tendoney to slipping and any genera¬ 
tion of lieat it may he molted and will become a lubricant that will 
intensify the slipping instead of acting to absorb the oil, the 
Fuller's earth or borax will. 

If slipping is caused by a broken clutch spring, which is a very 
rare occurrence, or by weakening of the clutch spring, which is 
more ■ common, the method of repair is evident, this consisting of 
substituting springs of proper strength where no adjustment is 
provided or by increasing the degree of compression of the weak 
spring if some method of compensation for shortening the spring 
is provided. Another annoying condition when a cone or three- 
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plate clutch is used or where the clutch-driven members are of large t 
diaincter and liuvo coiiaiderable woight, is “spinning'' nr contin¬ 
ual rotation of the male clutch member when the spring pressure is 
released. This is often due to inertia, but is sometimes caused by 
a defect in the clutch niochanisin. If the iM'uring on which the cone 
revolves when disengaged is not properly lubricated or if a poor 
grade of grease is used for this purpose the bearing may stick and 
the male clutch member will continue to rotate, even when tho 
spring pressure is released. The ball thrust bearing cJTiploycd to 
take clutch spring reaction, and which is clearly sliown in the vari-'’ 
ous sectional views previously described and in Fig. 318, winch 
shows a coiie clutch partially dismantled, may become wedged by 
a broken ball or particles of •forelgh matter, and if rotation of the 
parts relative to eacli other is prevented the rotation of the eranh- 
shaft will be imparted to the cone member thnnigli the clutch 
spring, which must turn with the crankshaft instead of remaining 
stationary, as would be the cji.se if the ball thrust bejiring were 
functioning as it should. 

A seized clutch sj)iudle bearing can only be repaired by taking 
the clutch apart and dressing down the scored journal, supplying* ^ 
a new bushing and removing tlie cause of the seizure. Sometimes 
when the clutch cone is carried o)\ plain bearings wear in these 
members will permit the cone to sag because of its weight, and 
even though the spring pres.sure is fully released tlie lower portion 
of the cone will come in contact with the flywliej;! and the cone will 
be kept in rotation. Faulty clutch action is often traced to points 
distinct from the clutch mechanism itself. This applies to all 
types of clutches. Many cases of failure of clutch to release have 
been found due to imperfect relation of interlocking levers or rods 
or depreciation in some mechanical parts. If the clutch shifting** 
collar is worn unduly or the small pins in the rod yokes connecting 
the clutch pedal with the release mechanism have worn, the pedal 
may be fully depressed and yet the pressure of the spring keeping 
the parts in contact may not be reduced to any extent. "WheTe the 
emergency brake lever is interlocked with the clutch release lever¬ 
age it may be possible that an adjustment of the brake rod, if 
these are shortened to compensate for wear of the brakes, will 
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change the length and may throw out the clutch mechanism slightly 

and cause slipping ol the clutch because the spring pressure may 

he partially relieved. 

The clutch release mechanism used on the Overland car as well 
as the provisions fog adjusting the clutch spring are clearly shown 
at Fig. 3J9. Wlien the clutch cone facing wears the only remedy 
is to dismantle the chitch, ns shown at Pig. 318, which permits one 
to remove the old clutch lining from tin* cone and j’ivct a new one 



Fig. 317.—Pattern for Cutting Clutch Leather tor Overland Model 80 

and 81 Cars. 


in its place. If the old facing can be removed without breaking, it 
may be employed as a pattern or basis for a new lining. If the 
car is a model of standard make and recent manufacture the best 
plan is to obtain a new clutch facing from the manufacturer. How¬ 
ever if the car is an old model or if the facing must be put on 
immediately it is not difficult to lay out a clutch leather that will 
go in place without difficulty. 

The first step is to lay out the clutch to exact size on heavy 
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drawing paper, nuil^ijig sure that the faces are at the proper angle. ■ 
This may be done as shown at Fig. 316, B. Draw a long line 
through the center of the clutch cone and parallel with the hub; 
this being represented by the line AB in the drawing. Continue 
the angle of the cone by straight lines, meeting at a point in the 
center line. Using this i>oint as a center and the distance from B 
to C and H to D as radii, describe the arcs of circles EG and PH. 
The distance from E to G must oijual the larger circumference of 



Fig. 318.—Cone Olntch Partially Dlsaesembled to Show Important 

Components. 


the cone so the ends will butt together, or it may be advisable to 
make the strip somewhat hmger than necessary to allow for fittings' 
The pattern thus obtained may be used to cut the new leather. A 
special friction leather which is made for this purpose should be 
u^ed. The thickness of the facing is important, because if it is 
too thick it will prevent the cone from entering the flywheel as it 
should. The clutch leather is usually one-quarter inch thick. 

Before riveting the leather in place it should be made as pliable 
as possible with neatsfoot or castor oil, though all repairmen arc not 
in agreement regarding this practice. Some advocate soaking the 
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leather in water and applying to the cone wet so that when it 
dries .it will shrink and hug the cone closer. Others apply it dry 
and oil it after it is 
placed. In the opinion 
of the writCT, which is 
based on considerable 
experience, letting the 
leather shrink is likely 
^ to result in the friction 
facing pulling away 
from the rivets, while 
oiling the material 
after application is apt 
to cause expansion and 
an uneven surface. 

When the leather is 
oiled befcare applica¬ 
tion it is soft and 
‘ pliable and there will 
be no trouble in the 
material becoming 
loose from its fasten¬ 
ings if it is properly 
fitted. There are two 
methods of fitting the 
clutch leather. One of these is to attach the leather at one end, 
holding it on the cone with a machinist’s clamp or hand vise, while 
the holes are then drilled in the leather to coincide with those in 
the cone. The two holes at the extreme end are first drilled and 
the leather riveted in plact*, care being taken that the holds for the 
rivet heads arc countersunk deep enough so the copper will be well 
below the surface of the leather. After the end is securely fastened 
the leather is pulled tightly around the cone to the next point of 
fastening, the facing again being retained by clamps while the holea 
are drilled and the rivets applied. This operation is repeated from 
one point of attachment to the next. This method insures that the 
facing will hug the cone closely instead of standing away from, he- 
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Fig. 319.- -Clutch Control ABsembly of Over¬ 
land Autoidobiles. 
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tween the rivets, as is sometimes the case when all holes are drilled 
in the leather before application, which is the alternative method. 

After a facing jh a 2 )plied it should be trued in a lathe by tak* 
ing a light cut off its surface or the high spots may be rubbed off 
by hand with sandpaper, a picctj of glass or a coarse file until a 
a full bearing is obtained all over the clutch facing. The material 
ordinarily used is good oak bark tanned belting leather, though 
hemlock and chrome tanned leather have been used w’ith good 
results. The oak tan seems to possess all the desired qualities of 
elasticity, durability and degree of frictional adhesion required. 
The other method of applying the h*ather is to rivet the two ends 
to the eoiifi as shown at Fig. 316, (.\ and then to pull the leather 
in place and rivet at llie ^vniit directly opposite tliat where Ihe two 
ends are riveted. The other rivet holes are then drilled to corre- 
nspond with those in the cone. It is not desirable to cut woven wire 
asbestos fabric, and when tliis material is used it nnist be oh- 
lained all ready woven to form from the car mannfacturer. Spe¬ 
cial copper rivets are used for riveting the friction facitig to the 
cone. These have broad, flat heads of medium thickness, in order 
that they will keep the Icatlier firmly in place without danger of 
pulling tlirougli, as would be the case if the rivet lu'ads were 
small. Care should be taken to countersink deep onongli for the 
rivet heads so that these will not touch the feuiale member until 
the leather is worn so much that it needs renewing. 

It is not difficult to do a good job of riveting if a holt or punch 
the same diameter as the rivet ln;ad is used as a su])port, as shown 
at Pig. 316, I), and the end of the rivet is burred over with a 
rivet sot, or with tlio hall jn'iu end of a nmehiuist's hammer. 
The punch supports the head of the rivet and forces it positively 
into the countersunk hole and insures a good tight fit. On some 
clutch cone.s, notshly that used in models of the White automobile, 
the friction facing is held on the cone by means of T-holts, which 
fit into depressions cast into the cone spider. Renewal of the 
leather is a simple matter, as tlie worn facing may be removed 
by loosening the clamping members and a new facing easily ap¬ 
plied. Tlic method of making a pattern for the clutch leather of 
fiome of the Overland car models is clearly shown at Fig. 317. 




Fig. 320.—Showing Clutch Constructioa of 1914 Hupmobile at A and Multiide Disc Clutch Used on 

Premier Aut-omoblle at B. 
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It will be observed that tlic radius for the inner fiirclfi is 33%2 
inches, while tliat for the outer are is 35%2 iiiehes. The length 
should correspond to the eireumfereucc of tlie clutch cone, or 
inches. The rough or ilesh side of the leather is placed 
outside. 

Plate and Disc Clutches.—Multiple disc or three plate clutches 
are subjected to practically the same main troubles as found in 
the cone type, i.e., they will engage harshly or fail to transmit the 
engine power in a positive manner. If a multiple disc clutch of the 
all-metal plate type does not release propcJ'ly, it is because the 
surfaces of the plates liave become rough and tend to adhere to¬ 
gether. The plates should be smooth and free from any rough 
particles or score marks, as tliese will always produce hansh en¬ 
gagement. This condition also results if then; is insufficient oil 
or unsuitable lubricant in those tyi)es wlicrc the discs are designed 
to run in an oil bath. ‘^Spinning” or continuous rotation of a 
multiple disc assembly often results from seizing due to gummed oil; 
the presence of carbon or burnt oil between the plates, and in some 
cases by a lack of oil between the members. W^hen an all-metal 
multiple disc clutch slips, this generally results because of reduced 
strength in the clutch springs, distortion of the plates, or the use 
of too heavy lubricating oil. To secure the best results from a 
multiple disc clutch it is imperative that only certain grades of 
oil be used. If one uses a cheap or inferior lubricant it will car¬ 
bonize because of the heat present when the plates slip, or it .will 
gum up owing to the admixture of animal fats or other adul¬ 
terants. 

In a number of cases faulty multiple disc clutch action is due 
to “brooming,” which is a name given for a defective condition 
that exists when tlie sidra of the kyeway have become indented 
and prevent free movements of tlic plates, or when the plate edges 
become burred over and prevent full contact of the plates. In 
most cases the adjustment of a multiple disc clutch is easily ac¬ 
complished by adjusting nuts that may be easily reached if the 
clutch is of the dry plate type, as shown at Fig. 820, A, which is 
a representation of the 1914 Hupmobile clutch. The adjusting nut 
is indicated and there are a number of these carried around the 
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periphery of the flywheel, Wlicnever the dry plate clutch is used, 
one set of the series of discs is faced with some friction material, 
such as Raybestos, and, of course, when this facing wears it must 
be replaced with new just the same as advised for the cone clutch. 
These facings are usually of asbestos fabric, and must be procured 
woven in the special ring form of suitable dimensions for that 
specific make of clutch. It is not possible for the repairman or 
motorist to cut his own plate facing, as the material is hard to 
handle and there would be much waste if attemnt waa made to 
cut it in segments from a wide strip of material. 

A typical multiple plate clutch of approved design is shown 
at Pig. 320, II, This is used on the series X Premier car. It is 
intended to operate in oil and is lioiiscd in a dust-proof casing 
attached to the rear of tlu* fan-blade-spoked flywheel. Connec¬ 
tion between the eliitcli ami gearstd is by means of a hardened 
floating shaft A, broached at its forward end to engage with the 
clutch, and having at the rear a joiut coupling B, which engages 
with a similar part (! on the gearbox. The sleeve B, whicli carries 
the coupling slides upon the clutch shaft may be easily moved 
forward by removing the clamping colIaj^T). This is split so that 
it may be easily removed from the threaded portion. In remov¬ 
ing the clutch the first operation is to displace the floor board 
in order to gain access to the clutch casing. Remove the cotter 
pins E from the pins P in the pedal shaft end of the cradle. 
Remove the split nut D from the clutch shaft A and slip the 
sleeve B forward, in order to release it from the coupling C, 
Next remove the eight retaining screws G in the clutch cover on 
the flywheel, which will permit of removing the clutch and drive 
shaft. To take the clutcli apart back off the clutch nut H, which 
will release the clutch spring and enable that member fo be lifted 
out. The spring nut II is not used for making adjustment, as 
none is necessary. A spanner wrench or two quarter-inch pins 
used in connection with a bar may be employed for backing off 
the clutch nut H. The elnteli cover J can be easily removed by 
taking out the spring, and the small and large, plates L and K will 
be found on the clutch plate holder. 

These plates should be taken off and thdroughly cleaned. If 
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Fig. 321.—Constrnctioa of Typical Three Plate Clutches Outlined. 
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considerable depreciation Is noted, new ones should be substituted 
for the worn members. The small plates L have lugs upon their 
iuner edfjes wliicli eugage in the keyways or grooves cut ou the 
face of the spider. Tlie large platbs K have a series of lugs on 
th(*ir outer edges to fit into the grooves in the clutch cover. In 
rertss(‘inb]ing this clutch it is important that the lugs of the large 
disc are so arranged as to fit alternate slots, thereby providing 
space between every other jdate for the placing, of the small 
springs which luust be assenil)l<*d so as to i^rojeet toward .the rear 
of the car. The last two springs are arranged to ttuicli the inside 
of the clutch cover. The object of these small springs N is to 
force the clutch i)lales K apart when the clutch pedal is released. 

Before replacing the clutch cover, eoat tlie edges with shellac 
to ijisure an oil-tight fit. Sliile the clutch sliaft A forward into 
the ehiteli until it strikes the hottoni i»f its so('ke1. Slide the sleeve 
B with tlio three joint coupling back until it engage.s with the 
enacting member on the transmission primary shaft. Beplace the 
split nut I), screwing it along the shaft until lioth the shaft and 
the sleeve ar’c forced securely into place, tlien sei (‘w the. nut forward 
about .03 inch to allow that inucli em^tlay in the clutch shaft, 
and tighten the two screws securely, lire iriakers of the Premier 
clutch rccoinraond lubricating tire cinteli every Hve hundred miles, 
This is accomplished by removing the filler plug and using a funnel 
to replenish the sn]>ply. If the clutch is suspected of chattering 
or harsh engagement, the first step is to make sure that all the 
motor cylintlcrs arc firing regularly and tinrt it is the clutch 
that is at fault. If the clutch drags or does not release promptly, 
inject about a })int of kerosene, running the motor a few minutes 
with the cluteh disrmgagcd and witli the gears engaged in the 
gearset. This holds Ihe clulcli spider or disc carrier stationary, 
whereas the other set of dises, which Js carried by the clutch case, 
revolves and washes tlie ken«em^ thoroughly between all Ihe plates.' 
Remove the kerosene after this operatio)i is completed and refill the 
clutch case with new, clean oil. The clutch operating linkage should 
be lubricated every day and the grease cups just to the rear of 
the clutch housing should be turned down frequently. 

Examples of the three plate clutch construction in which a 
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single large driven member is used, faced with rings of friction 
material, are shown at Fig. 321. That at the left is the Playnes 
clutch, the spring pressure being multiplied by a bell crank which 
pr^es the clutch pressure ring against the drireu member and 
brings that to hour against a suitably machined face on the fly¬ 
wheel web. The driven member is carried by and rotates with 
the shaft used to transmit the power of the clutch to the gearset. 
It is possible Jx) compensate for w'ear of the friction faces by 
screwing in on the adjustment screws A which pusli the ring mem¬ 
ber carrying the bell cranks closer to the pressure ring. Owing 
to the large size of the driven member this tyi)e of clutch will 
continue to rotate after the clutch spring pressure is released 
unless a clutch brake is provided. This is a very simple con¬ 
struction consisting of a plate attached to and turning with the 
shaft supporting the driven member and a friction pad carried 
by the releasing yoke. The general construction of the clutch is 
so cleaHy shown that further description seems unnecessary. 

Another form of three plate clutch which is used on some 
models of the White automobile is shown at the right of Fig. 321. 
In this the driven plate i^lamped between the flywheel face and 
the pressure ring by a force exerted against a pressure wedge by 
the toggle links which are pressed outward by the usual form of 
‘ coil spring. When it is desired to interrupt the drive the relea£h 
ing yoke is moved so that the clutch spring is compressed and the 
toggle links pull the pressure wedges from between the inclined 
faces of the pressure ring. A variety of multiple disc clutches is 
shown at Fig. 322, all of these operating on practically the same 
general principles. That shown at A is used on the Chandler 
automobile. That at B is an all metal disc assembly of Franklin 
design. The King clutch is shown at C, this having a series of 
adjusting nuts AAA, which ^may be used to augment the clutch 
sprfng pressure if the clutch shows any signs of slipping. The 
clutch used on the Hudson cars is shown at D. This also employs 
a series of small springs having adjusting means instead of one 
large coil spring not provided with any cbmpensation for loss of 
strength. TThe clutches shown at A, C and B have plain metal discs 
alternating with heavier plates provided with cork inserts. The 
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Fig. 322.—Group Showing Multiple-Plate Clutches XTsed on Modem 

Automobiles. 

sume instructions previously given in connection 'with the other 
multiple disc clutches apply to these forms as well. 

The relation of a multiple plate clutch to the complete power 
plant and gear box assembly is clearly shown at Fig. 324. The 
multiple dry plate clutch shown detached from the gearset unit 
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employed on the 1915 8-cylinder Cadillac is shown at Fig. 325. 
It will be observed that the clutch disc driving member wh\ch is 
bolted to the flywheel has a series of driving hoys riveted around 
its inner periphery. These are to engage the projecting driving 
members which extend from the outer facing of the plain metal 
discs. The asbestos friction material faced plates arc carried by 
the clutch spider, the pressure maintaining contact is exerted by 
a concealed coil spring carried in the interior of the clutch as¬ 
sembly. A plan view of the gearset with the cover plate removed 



Fig. 323.—External Gonstrlctlng Band Clutch of Haynes Design. 


and showing the inainshaft and the shifting gears is also included 
in this illustration^ 

Band Clutches.—Band clutches have been used to a limited 
extent in automobile construction, though these have never received 
the wide application that the cone, three plate and multiple disc 
clut.ches have. Many early models of Packard and Peerless auto¬ 
mobiles used an internal expanding band clutch faced with leather. 
Means of adjustment was provided by which the degree of ex¬ 
pansion relative to the movement of the expanding toggle linkage 
could be varied to some extent. This adjustment was very sensi¬ 
tive and required expert attention. If' the clutch facing b^azae 
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worn or soaked with oil it was much more apt to slip than a cone 
clutch, so as soon as the leatlier facing had worn slightly and the 
adjustment had reached its limit, it was necessary to reface the 
baud. This was done in the same manner as advised for replace¬ 
ment of worn cone clutch frictions, though more care is needed in 
truing off the face of the leather. , 



Fig. 325.—Clutcb and ^arset of 1915 Cadillac Automobile. 


An external contra(diiig baud clutch which w’as used on a num¬ 
ber of models of the Haynes cars is shown at Pig. 323. In tliis 
a contracting band* is tightened around a steel drum attached to 
the flywheel by a simple leverage, as indicated. An adjusting 
screw was provided for compensating for wear of the clutch band. 
In order to adjust the band the locking nut was unscrewed and 
the adjusting screw set to obtain the required amount of friction 
band contact. 
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Fig. 326._OntUniBg Construction of Modem Planetary Transmission Gearing. 
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Planetary Geardet Repairs.—The simplest form of Koarcd 
change speed mechanism is the planetary gearset iu its various 
forms. It is nut the simplest in construction, hut* it is the easiest 
to control. At the present time planetary gearing is seldom used, 
as practically all automobiles use the sliding gear -type. There 
are many oars ot* early design, however, which use this form of 
gearing, and it is standard eciuipmojit on the Ford automobile. 
^Various planetary gear constructions are showm at Fig. 326. That 
at A is an all spur type, no internal gears, sueh as were employed 
on the early forms being utilized. The shafts are divided, tho 
one at the rigiit is geared to the crankshaft and drives the gear C. 
Gear A is u running fit on the sbal'l, wlule gear E is keyed to the 
shaft at the loft, from which the drive is taken. I’inions F, D and B 
are fastened together on one common shaft, so lhal tiny must rotate 
as a unit at all times. Tlirec .sots of these gears are j>r<)vidcd, these 
being s])ace(.l efjnidistantly in the carrying case. To obtain tlie 
slow speed ratio a contracting band is clamped arouTul the hous* 
^ing L, and when this is held stationary the drive is from the 
gear C to the member 1), from gear F w’hich turns at the same 
speed as gear D to the large driving member E which is attached 
to the driving shaft. Reverse speed is obtained by tiglilening an¬ 
other band on the drum R. This drum is attached to the gear A 
so that when tlie brake is applied at K the gear A must remain 
stationary, Ou reverse speed the whole gear carrying housing 
must rotate about the gear A. From the engine shaft the power is 
transmitted fo gear C, and from theme’e to gear D. As three 
pinions are fastened together any power impartet) to these pro¬ 
duces motion of F and B also. When these three gears rotate, 
^gear E is forced to travel over A, wliich is stationary, and thus 
produces rotation of the drum Tj. From gear D the power is trans¬ 
mitted througli gears P and E to the rear. To obtain a high 
speed or direct drive the clutch member S is forced against the 
drum B so these two members must rotate together ; this locks the 
entire transmission and causes it to rotate as a unit ; as gear A is 
fastened to the drum R it must also rotate with it and the clutch S. 
This looks the gears F, B and D in position, and as they cannot 
^rotate they act as a lock for the entire assembly. The driven shaft 
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at the left, therefore, turns at the same speed and in the same 
direction as the driving shaft at the right, which is connected to 
the engine. 

The planetary transmission used on the Ford automobile is 
clearly outlined in part section at Fig. 32fi, lij the variou?adjust- 
ments and operating pedals are shown at Fig. 327, and a top 
view showing its location relative to the flywheel of the engine is 
shown at Fig. 328. The various adju.slinents are clearly outlined 
at Fig. 327. The operation is practically the same as the gear 
shown at A, there being three groups of planetary pinions F-l, P 
and K. These are rivet(‘d together so tliey must turn at the same 
speed. Gear P-1 meshes with gear D, wdiich is keyed to a driven 
member attached to the drum C. Tlnj drive gear F is mounted on 
the end of a bushing which is riveted to the brake <lnuu D. The 
gear L is attached to the brake drum B. The clutch is a multiple 
disc type normally hold in engagement ])y a coil spring. 

Three brake bands arc used for this transmis.sion, the one that 
constricts around the drum C is the foot brake and acts lo retiird 
movement of the car regardless of whether any of the other clutches 
are engaged. Tiglit(*ning a band around drum B produces a slow 
speed. When the hand is tiglilcned around the drum V or that 
nearest the flyw'hccl, a r(;v<?rsc motion is obtained. To apply either 
the slow speed or reverse band it is necessary to break the direct 
driving connection by releasing the clutch spring tension and 
allowing one set of clutch discs to move independently of the 
other set. One set of the clutch plates is carried by tlie clmeh 
case C which U keyed to gear X). The other set is carried by a 
clutch disc carrier which is kupported by an extension of the en¬ 
gine eranksliaft and prevented from turning by a s(‘t screw pass-r 
ing through the cluteh disc carrier hub into the shaft. The ad¬ 
justment of the Ford clutch is a very simple operation, this con¬ 
sisting of releasing the set screws in the clutch fingers by pulling 
out the split pin that acts as a lock and turning in the adjusting 
screws. The slow speed adjustment is at the side of the gear case, 
and may be reached without removing the cover plate of the trans¬ 
mission which is necessary to adjust cither the reverse clutch baud 
■or the foot brake band. 
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Fig. 327.—Bluatratioiu Showing Method of Adjusting Clutch Bands of 

Ford Planetary Tiansmlssion. 
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Another planetary transmission which is incorporated with the 
jack shaft unit is shown at Fig. 326, C. This is used on the 
Koeliler truck. .In operation it is the same as that shown at A, 
as throe brake bands are provided, one acting as a foot brake 
while the other two provide the reverse and slew speed ratios, 
respectively. The contracting baud on the transmission serves as 
a service brake. The entire jackshaft unit inelnding bevel driving 
gears which derive their i>ow(t from the engine, the differential 
and Iwake bands are enclosed in a cylindrical honsirig extending 
across the fraujo which is lubricated by nil splash. The counter¬ 
shaft revolves on long main bearings. AVlien it is «U‘sire<l to adjust 
the high speed cdutcU of the trajisinissions sliown at A aiul C it is 
necessary to release the locking m«.*ans and scri‘w llie spider inein- 
ber carrying the clutch fingers in closer to the drum li in the 
transmission shown at A, wiiile iji the ICochler tlesign a simple 
spring pressed plunger lock is jirovided. Wiicu it is desired to 
tighten the clnte.h this plunger may be withdrawn and the finger 
carrying spider screwed around as uiucli as neces.sary. After the 
adjustment is secured it is locked securely by dropping the plunger 
in one of the holes made to receive it on the clutch female member. 

The cliicf trouble with a planetary transmission results from 
slipping clutch bands. In all cases these are provided with ad¬ 
justments that can be tightened in event of wear of the friction 
linings up to a certain point. When the friction material wears 
thin, new brake lining must be riveted to the clutch hands. Care 
must be taken when making adjustments not to tighten any of 
the bands too much, as if these bind on the drum they will pro¬ 
duce friction which results in heating and wearing away of the 
brake lining and will also decrease tlie efficiency of power trans¬ 
mission. Noisy action of a planetary transmission is usually caused 
by excessive wear in the gearing. Slipping of the high speed clutch 
may be easily remedied by making compensation for wear by the 
methods of adjustment previously described. When taking down 
a planetary transmission it is important to note the condition of 
the bushinga. on which the planetary pinion groups rotate. If 
these are worn or if the pins supporting them become reduced in 
size, tbe gears will rattle when in use and the transmission will 
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be noisy on low and reverse speeds and when in neutral position, 
though it will be silent in action on the high speed. 

The brake drum surfaces often become grooved, and these 
may be deep enough as to seriously reduce the strength of the 



Fig. 328.—Top View of Two Speed and Reverse Planetary Clear 

Employed on Ford Cars. 


brake drum. Where this condition is noted new brake drums must 
be provided, though in some cases where tlic brake drum forms 
part of 4he gear containing case, as in the transmission shown at 
A, it may be possible to turn down the surface enough so that a 
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ring of cast iron or steel may be shrank around the worn dram and 
securely retained to that member by pinning. It is also possible 
to fill in very deep grooves with cast iron melted in with the 
oxy-acetylenc torch and then machining off the surplus material 
in a lathe or grinder to bring the drum to proper contour. As the 
gears are always in mesh in a planetary transmission the teeth of 
these members are not likely to wear much, practically all the de- 



Flg. S29.—Metz Friction Disc Tranamlssion. 


predation existing on the planetary gear supporting bushings and 
pins. In some planetary transmissions the brake drum bushings 
are short and apt to wear. This also produces noisy action and 
those bushings must be replaced with new ones when worn. Care 
mult be taken that all retaining keys and pins are not worn and 
that casing retaining screws are screwed up tightly. The instruc¬ 
tions given for multiple disc clutches in tiic beginning of this chap¬ 
ter apply just as well to the clutches used in planetary transmission 
when these run in an oil bath. 
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Friction Drive Fanlta and Bemedies. —Many cars have been 
sold thronghont the country, but more particularly in the Middle 
West, equipped with friction or rolling traCtion trauSIUiSSiOUS of 
various types. The simplest form, and the one most widely adopted 
by automobile manufacturers, consists of Im'o discs, one driven by 
the engine, the other attached to a cross shaft in such a manner 
that it can be moved across the face of the engine driven member 
to give the various spe(?d ratios. The mo^'able disc consists of a 
flanged cast iion wliccl tliat is faced with a ring of coniprcssc'd 
strawboard or other fibrons material, that driven by the engine is 
generally faced with an alnininum-copjxT alloy, as this combina¬ 
tion has been found to give the l»cst results and transmit power 
without excessive pres.s\ire to inaintain the parts in frictional con¬ 
tact. These drives have not I)een discussed in trade prints or books 
as much as tlie geared fonns, as it is evidently assumed that their 
Kiraplieity makes them easy to iiiuierstand and niaiiitabi. While 
there is very little to get out of order or cause trouble, it is possible 
that difficulty may be experienced in transmitting power and the 
mechanism condeiinied because one does not know where to look 
* for trouble. 

The common trouble is failure to drive ]>roperly, and this may 
be produced by a number of distinct conditions. It may result 
from accumulations of oil on the frictional surfaces, which reduce 
the amount of frictional adhesion, “brooming*^ of the fibrous ma¬ 
terial, wear at the face of the aluniinii/n n^cniher, spring or lost 
motion in the countershaft or lost motion at the yarious members 
of the pressure linkage tliat would prevent positive contact of the 
friction elements. If the bearixigs supporting eitiier the cross or 
. main shaft are defective, or the tlirust bearing to which the pedal 
^ pressure is applietl works .stiffly, tlie increased friction at these 
points will cause serious dimiiiulion of power. In case slipping 
is noted, the first point to exaiiiine is llic contact surfaces and 
make sure that there is no excess of oil between them. If oil 
deposits arc seen, they may be removed with gasoline and the sur¬ 
face of the aluminum plate dusted over with talc or Fuller^s earth. 
If the metal surface of the driving member is scored, grooved or 
roughened, it should be restored to a smooth surface bv refacing. 
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It is posable to do this with a scraper without removing the driving^^ 
disc from its shaft and turning it with the engine if care is used 
in manipulating the tool. The disc should he ^rned at high 
speed, and after the surface is smoothed to a certain extent so 
that the grooves arc nearly eliminated, it can be surfaced by 
moderately fine emery cloth hold in a suitable wooden hilder and 
moved across the surface by hand. If the grooves are very deep, 
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it may be necessary to resurface the member in a lathe by taking 
a Hght chip oif the face with a cutting tool. 

The papCT friction ring on the driven wheel flattens out with 
use and does not last long if the pressure applied to keep the mem' 
bers in’ contact is unduly high an<l the surface will become rough¬ 
ened as well. It is customary to renew the paper ring at intervals 
corresponding to about 2,000 to 3,000 miles average road use. If 
any tendency is noted for the driven member to crowd toward 
either the edge or conler of the aluminum driving disc it* can be 
attributed to wear in the countershaft or main shaft bearings that 
permits either member to sag, and then the line of contact does 
not conic at the center of the discs which is necessary to secure 
proper transmission of power. Any condition that will prevent 
positive hr true contact of the friction mcuiibers will cause slipping. 
This means that bearings must be properly maintained and that all 
lost motion in the operating rods or pressure levers must be mini¬ 
mized. The countershaft should be very heavy and not liable to 
spring or give when the surfaces are brought together, and the 
> frame member supporting the driving plate must be well braced 
with strong gussets to prevent distortion w'hen pressure is applied 
at the contact surfaces to maintain friction adhesion, 

Two typical friction transmiMions which arc similar in prin¬ 
ciple of action arc shown in accompanying illustrations. That at 
Fig. 329 is a representation of the friction drive of the Metz auto¬ 
mobile. The view at Fig. 330 shows the arrangement of the parts 
of the Cartel* car friction drive. The following instructions per¬ 
taining to repluciug the fibre when worn applies jus^ as well to both 
drives illustrated. One of the good qualities of the friction drive 
^is the ease with which adjustments and replacements are made. 
The jack shaft wheel or driven member carries what is termed 
a '^fibroid** in the Metz car, which is made in two sections to 
make for easy displacement as well as renewal. It is retained by 
a locking band secured by bolts as outlined in the sketch. For a 
period of time wear of the fibre rings is automatically taken up, 
but after considerable service and when it has become so worn that 
the clutch pedal must be pushed to its maximum position, a new 
adjustment must ho effected in the distance between the friction 
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wheel and Iho driven member. This is obtained by adjusting the 
nuts on the cluteh pedal and the drive plate bracket rods and 
with the clutch pedal released. To rej>lae(‘ a worn fibroid with a 
new one the bolts are removed and the retaining band is pulled 
oflf of the driven wheol. The worn ring is removed in two piece.s 
and the halves of the new member ai’o placed on the rim and the 
ring or retaining band is again secured to t’lo wheel by the bolt. 
Tlie parts come all drilled and no difficulty will bo experienced 
in replacing the new fibre friction correctly. 

Trouble in Sliding Gear Transmission.—When sliding gear 
transmissions are employed the jnost common symptoms of derange¬ 
ment arc noisy operation and trouble in shifting gears. The diffi¬ 
culty met with in gear sliiTting, providing the trouble is not caused 
by a clutcli that docs not release proinjitly, is usually caiised by 
failure of the edge.s of the teeth of the shifting members, and 
“when these have burred over they will not pass readily into the 
«I)acej:; between the teeth of the gears they engage with. Another 
cause of poor gear shifting is depreciation of tlie bearings, espe¬ 
cially in those types of transmissions using plain hushings. Any 
wear or looseness that may change the center distances of the shaft 
to a certain degree will result in poor meshing because the relation 
of the gear centers is so changed that the pilch circles will not 
coincide atid the tooth of the entering gear may bottom on the side 
of the g^ar with 'whieft it should mesh. Noisy ojieration when not 
due,, to mechanical depreciation is usually caused by a defective 
condition of lubrication. If the gears are not worn too much noise 
may be minimized to a large extent by filling the transmission case 
with oil of sufficient consistency to cushion the gear teeth, and yet 
not he so heavy bodied that it will not flowr readily to all bearings 
Difficulty in shifting is sometimes due to binding in the control 
levers or selective rods, and all points of the gear shifting mecha¬ 
nism should work freely if prompt gear shifting is required. 

If considerable difficulty is experienced in meshing the gears 
and the trouble is not found in the gearset, it will be well to exam- 
. ine the clutch to see that the driven member furnishing power to 
the gearset primary shaft docs not “spin’^ or continue to revolve 
after the foot pedal is depressed. It might be stated in this con- 
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Fig. 331.—View of Jeffery Transmission with Cover Plate Bemoved at 
Top, Common Causes of Poor Gear Shifting Outlined in Lower 
Illustration. 


nection lhat on most of the inoilcrn cars having clutches of such 
construction that spinning may result, clutch brakes are provided. 
As those are used constantly the friction pad, which is often a 
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limited area, may wear, in which case renewal is necessary to 
restore the clutch to efficiency. 

Fortunately, most gear boxes are built in such a way that the 
interior may be readily examined. An example of a large opening 
provided in a gear box by removing a cover plate is shown at the 
top of Fig. 331. This is the gearset used on the Jeffery four- 
cylinder cars. The construction of tlie various gears as w'cll as the 
selective members is clearly shown. The control levers are attached 
to the transmission cover plate, as indicated, but may bo readily 
removed wdth the coyer by taking out the bolts holding that member 
in place and uncoupling the cmergoncy brake actuating rod. The 
speed selector, which is actuated by the gear shift lever, fits into 
suitable depressions in the sliding gear shift rod. 

In some transmissions of the sliding gear type the high speed 
or direct drive is obtained by the sliding gear which provides the 
intermediate speed having a suitable extension from its face de¬ 
signed to mesb with an internal gear and thus form a positive 
driving clutch to couple the gearset main shaft portions together. 
"When the teeth on the male clutch member become worn consid¬ 
erable trouble will be experienced in securing positive engagement, 
and if the wear is such that the width of the teeth is materially 
reduced a new member will be needed. If the teeth are not worn^ 
but are only burred over at the edges, they may be dressed to 
proper contour by using a very small, high speed emery wheel on 
the end of a flexible shaft or by removing the offending member 
and grinding it in any suitable machine. 

Some garage mechanics will anneal a gear in order to soften it 
sufficiently so that the rough piece may be smoothed with a file. 
Attempts are afterward made to harden the gear and seldom do 
these result successfully. In modern gear boxes chrome and nickel 
alloy steels are used which demand careful heat treatment in order 
to secure the best quality of steel. These have been carefully 
developed by scientific laboratory tests and heat treatments are 
seldom duplicated with the equipment available in the ordinary 
repair sliop. The repairman should not anneal gears unless he is 
confident tfiat he can treat them properly in rohardening. This 
means that the nature of the stock as regards its chemical com- 
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position must be known and that the best quenching point for that 
particular alloy must also be determined. The use of a small, 
high speed cmerj' wheel will make it possible for the mechanic to 
dross the gear without softening it or altering its nature, as an 
emery wheel will cut hardened steel very easily. 

Whenever an old gear is removed and is to be replaced by a 
new one, it is well to make a rough sketch of the gear you desire, 
indicating the number of teeth, the pitch, the wdth, the diameter 
of the gear and the size of the hole going through it. This insures 
the receipt of a gear that will fit tlie defective gearbox, and not 
one for a later or earlier model oar of the •same make as that 
worked on. When the cover is off of the gearbox, as sliown at the 
top of Fig. 331, it is possible to tost the amount of wear between 
the shifting yokes and the porti<m of the sliding gear members on 
which they fit. On some selective gearsets then; is not much space 
allowed between the gear teeth, and if the shifting yoke w%*ars it 
may be possil)lc for the shifting gears to rub against One of the 
fixed gears on tlie ooniiter shaft and produce noise. The main and 
<»nnters!iaft b(;ariiigs may also be inspected and tested for loose¬ 
ness by grasping the shaft firmly and attomi»ling to move them 
up and down or from side to side. 

If the various ooniponents of the gearset are. found defective 
the gear box must be tab'ii apart and given a thorough overhauling. 
The means of accomplisluiig tliis dej^ciids entirely upon the design 
of the change-speed gearing. In those cars where the gearset is 
nionnled under the floor boards as a separate unit, the entire gear- 
box may be removed without disturbing the power plant or clutch 
assembly. Gearboxes of this furiii are usually of the horizontally 
divided type, and when the top half of the gearbox is removed 
the various gears and shafts, as w^ell us speed selecting members, 
are expost5d as shown at Fig. 332, A. The first step is to remove 
the shifting members which are shown shaded at A, this leaving 
the main shaft and countershaft in place as shown at B. The 
next operation is to lift the main shaft out, which leaves the gear 
box as shown at C. After the primary shaft is removed only the 
countershaft assembly and the reverse stud gear arc left in mesh, 
as shown at D. Lifting the countershaft out leaves only the bottom 
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half of the gcarset witli the reverse stud gear in place, as indicated 
' at E. To reassemble the gearset the reverse process to taking it 
apart is followed. First the countershaft assembly, which includes 
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the gears, the shaft to wliich they are keyed, and the supporting 
bearings and their housing, is replaced in position. Next the 
primary shaft member is put in, then the main shaft, and lastly 
the control members or sliiftijig rods, until tlie gearbox is again 
as shown at A, and ready for bolting the top part in place. 

The bearings used on tlic ends of the countershaft are often 
of the 1)011 form, as shown at Fig. JIB.*!. Different methods of re- 



Fig. 333.—Conveotioual Methods of Betaining Ball Bearing Inner Baces 

on Sliding Gearset Countershaft. 




laining the bearing in place arc followed. That at A shows the 
use of a cap screw and clamping washer. At B a clamp nut is 
used to press the bearing inner race firmly against the shoulder 
on the shaft, while a lock nut keeps the clamp nut in place. A 
very simple method, and one that is entirely satisfactory, is shown 
at C. This consists of grooving the end of the shaft circumfer¬ 
entially and putting in n, split ring, as shown at C. A common 
method of retaining the bearing inner race, and one recommended 
by ball bearing manufacturers, is shown at D. After the clamp 
nut is brought tightly against the face of the inner race a locking 
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wire is sprung around the nut and the point entered into a suitable 
drill liole whicli goes tlirough the nut into the shaft as indieated. 
Another method having much in its favor is shown at B. In this 
a double row ball bearing is pressed against the shoulder by ;i 



Fig. 334.—Diagram Showing Construction of National Three Speed 

Sliding Ooarset. 


clamping nut which is separated from the-bcaring inner face by 
a locking washer of tlie form shown at This has one projection 
on its inner periphery designed to engage a keyway cut in the 
shaft. The projection on the outer periphery is intended to be 
bent around one of the facets of the nut to hold it in place after 
it has been-6rmly seated against the locking, washer and bearing 
inner race. Complete instructions for the maintenance and instal- 
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lation of ball bearings and other anli-frielion forms will be found 
in Cliapter IX., which deals with rear axle construction. 

The constniclion of a typical throe speed forward and reverse 
|ieleetive transmission showing ball bearings and gear shift members 
is clearly shown at Fig. 334. This has the gear shaft and emergency 
brake l(;ver.s carried by a snitable s\ipporting casting forming part 



Fig. 335.—Three Speed Sliding Gearset, Forming Part of Bear 
Construction of Overland Automohiles. 


of the gear ease cover. In this gear box single row ball 'bearings 
are used at all points, except to support the telescoping end of the 
main shaft, 'vj'hjeh fits into the primary shaft and which rotates 
on a roller bearing. The primary shaft is supported by two single 
row bearings, the outer one being clamped so it holds the shaft 
steady while the inner and larger one has a floating outer race. 
When a ball bearing is clamped on both inner and outer races it 
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will take end thrust as well as radial loa<l. A Dirust is usuallj 
an endwise load, while a radial stress is a load appJh^d from an 
up-and-dowu dhvetion or sidewise. In this j<<’arst‘t the beariii}? 
injier races on llie couiit(?rs}mft are pnslicd on ti^hlly, tliese heii\g 
a forw* fit on tlic shaft ends. No relcntion ni<*{ins are provided. 
T)ie general eonstnietion of tliis gear ]k)x. wliich is tliat used on 
National cai's, is so eiearly shown that further description is iin- 
neeessary. 

A three speed and reverse sliding gear set lliat forms part of 
the rear eoiistnieliun on Overland ears is eiearly .shoum at Kig. 



Fig. 336.—Four Speed Selective Sliding Oearset of Approved Design. 


335. In this the primary shaft is carried on single and double 
row ball bearings, while the end of the main shaft to which the 
bevel driving pinion is secured is supported by a large double row 
bearing which is capable of taking end thrust and. radial load in 
combination. The single row bearings on the end of the counter¬ 
shaft arc subjected to radial loads only as the countershaft is koi)t 
from end movement hy simple thrust members composed of a steel 
ball fitting into an adjustable screw plug. The gear shifting forks 
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Fig. 337.—Showing Application of Three Speed Sliding Oearset to 

Studebaker Bear Axle. 


are attached to tho gear shifting shafts by means of taper 'pins 
wliich may be driven out to release the forks and permit of taking 
the transmission apart by removing pipe plugs in the side of the 
gear case which gives access to the retaining pin.s^ when thc'sliding 
kgear members are in the neutral position as indicated. 

In some gear boxes, especially those used on high-priced autu- 
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mobiles, the gears are ui the form of rings which may be bolted to 
the sliifting members and to flanges on the counterslialt as shown at 
Fig. 336. The point adivanced in favor of this constnietioii is that 
it is possible to renew only tlie defective toothed ring instead of 
replacing an entire shifting member as is necessary when the gears 
and hubs are formed, integrally. Tt is also contended that llie use 
of bolts to hold'the gears firmly against flanges macliined integrally 
with the countershaft makes for more secure attachment than the 
cheaper method of keying. The gear box design shown is used only 
on high-powered cars, where secure means of retaining the gears 
are absolutely necessary. A gear box of this design is very costly 
to manufacture, but it is clioapcr to keep it in repair than the 
simpler forms. 

The change speed gearuig is often coinl)inod on the rear axle, 
as shown at Fig. 337. This outlines a top sectional view through 
the rear construction and a side sectional view showing the dis¬ 
position of parts very clearly. It will he observed that the bevel 
pinion carried on the liack of the ntuin shaft drives the bevel ring 
gear attached to the differential housing directly. As the gear box 
is part of the rear construction it is possiblo«to secure exact align¬ 
ment between the driving gears, and no power is lost due to faulty 
alignment between these members as may sometimes occur when 
the gear box and rear axle are sejiarate components and the frame 
is distorted duo to rough roads. 

A four speed gear box having clutch integral, a somewhat un¬ 
common construction, shown at Fig. 338. This design is used 
on some models of the Winton automobile. Three shifting yokes 
are used, shift member A controlling the direct drive, which in 
this case is a third speed, and the second speed. fShift member B 
gives the first or lowest forward speed and the reverse ratio. Shift 
member C is used to engage the fourth speed, which is a high ratio 
obtained through speeding up gears instead of reduction gears* 
With gear sets of this character all normal driving is intended to 
be done on the third speed or direct drive. The geared-up fourth 
speed is called upon only when conditions are favorable and high 
vehicle speed is desired. This gearset is a form in which but little 
clearance obtains betwj^en the shifting members and the non-shift- 
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ing gears, and is a form wliere depreciation of the shifting yokes 

may result in the gears gratiug even when in neutral position. 

In those forms of gear boxes where the ends of the shafts are 
supported liy single row ball bearings witli no special provision 
for end thrust, noisy action may result in a. very short time due 
to misalignment of the ball bearings at the end of the shaft. AVlieii- 
ever the sliiftiiig members are moved to ohaiigii a gear a pressure 
of from 75 to 100 pounds is exerted throngli tluj shifting yokes on 
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Fig. 338.—The Winton Four Speed Sliding Gearset, Having O 
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the sliding gcjir numibers, and if these do jiot engage 
this pressure becomes an end thrust in the ball benring. 
when these are iiew and practically unused that this 
be resisted without pushing one of the ball races a tl’ 
line with the other. As soon as the wear in a radial I 
amounts to a few thousandths of an inch, wliich 
ciably affect the radial capacity jf the bearing, the 
to end thrust or lateral pressure to a certain extenf^^^ 
wise movement of the siiaft results vfiienever an 
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. applied due to poor enga^^cmoiit of the shifting geai’s. It is jiot 
, only the pressure from the gear lever tliat must be taken into 
: account, but the endwise slioeks received in changing from a lower 
to a higli gear also assist in producing depreciation at tlui bearing. 
The theoivtically correct parallelism of tlie main and counter sliafl 
^is eventually lost if a suitable allowance in the dimensions of the 
j different ball bearings does not serve to equalize the wear due to 
radiid load in tJio ball bearings at both ends of each shaft. As 
.the gear tootli pressure is highest at the ends where it is Irans- 
initted with a large speed reduction to the low gear, tins point 
applies specially to commercial vehicles in which the low gear is 
. used more ..than in pleasure car service. 

Where the use of apeeial end thrust bearings is considered too 
, expensive, adjustable lianiened end thriist*sustainii\g meaibors, such 
as shown at Figs. and 3118, may be used at the ends of the 
countershaft. Owing to the lack of solidity of aluminum g(>fir box 
castings, it is usually tlic plan in constructions of good design, 
,8uch as at Figs. 332, 334 and ?36, to mount the bearings in ilange 
steel or bronze housings in order to enlarge the areas ovei* wdiich 
.. the bearing pressures arc transmitted to the soft alt^iuiiir^^ Noisy 
• gear box action is sometliiieK produced duo to thin\-Tf'; walls 
ji'which posses.s sound magnifying qualitic.s, and this fea»,.^ hme 
; may multiply the volume of noise that w'ould normally be caused 
j.' by the gear action three or four tinies, especially if the bearings are 
[ ?ted in -‘•leh a way as to set the gear box in vibration w’heii w'orn. 
>. noise can be redneed is by keoi)iug the ball bearings 

uiditioii and tilling the gearset with a viscous hibrieant, 
e mineral greas(?, which will provide a cusluoniiig effect 
» ’->'**otion produced by roughness in either gears or 
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HTliassis Typos—Disnianllinf? a (^lin'^siai—Slraijilili'uliifr a Tout Framo—rTrusa- 
iti|i a Weak Kraiin'—Ropairinjr (’rackott Moinkor— C’jito and Uopair 

of S))rin‘;!j and Spring; I’rtrls—(’onipf-nsating ft)r Sici-ving (Soar J)otcriora' 
tjon—Drag Litik and Tio-Bar Hopnirs—Testing Wliool Alignniont—Radius 
Rods, 'lorijne Menikers and iofitrol Liiikagi'—-rnivoraal Joint Forms and 
Troubles—Front \\')io«-l Adjustnioiil—iluflltr Faults—Chassis Lubrication 
—T..ocaLiiig Acclvlcup Das 1-oak. 


Even after the power ]ilant nrul gearset have received attention, 
thcr«) are iiuin(‘rons pt)iiits about the chassis of the car that should 
be inspected if a thorough overhauling is calh‘d for. The chassis 
of any well built car will need hut very little altentiofi if the 
various parts are well oili‘d until it lias been used from ten to 
fifteen thou.saud miles. After this di.sfancc luis been covered, the 
motorists will jirohahly he annoyed by a scries of sipieaks and rat¬ 
tles, even though tlio engine and gearset are in perfect running 
condition. These rattling noises indicate wear at a number of 
relatively unimportant b('aring jioiiits, and even though the depre¬ 
ciation is slight, the looseness at the limitipUeity of small joints 
will produce a noise that will he unmistakable wl enover the car 
\s operated on other than perfectly smooth highways. Among some 
j^if the things to ho looked for are wear in the various control 
% Tikage jn(*mber.s, sagging or bent frame side incinbei*s, loose cross 
members or gusset plates, due to rivets having loosened up in ser¬ 
vice; stiff action of tlie springs, due to rust aeeumulaling between 
the leaves; Inosmiess in the .steering gear and steering connections, 
lack of alignment of tlie froiiL and rear wheels, looseness of the 
wheel huh hearings, and niunerous other conditions that will be 
enumerated and dis<uissed iu this and the following chapter. 
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Fig. 340.-<Flan View of the Cadillac 1915 Chassis, Showing Location of 
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Chassis Types.—Before discussing the points to be inspected 
and the manner of making repairs when defects arc found, it may 
be well to describe brielly some of tlie typical chassis constructions 
in order that the novice repairman may get an idea of the rela¬ 
tion of the parts iu cars of CMuivciilional design. The side and 
plan views of a National four-cylinder cliassis arc shown at Fig. 
339, all the imporlaul comjHments being clearly indicated. This 
may be considered a goo<l example of high grade ear construction 
in which the power plant and cluingc spc«'d gearing arc separate 
units. As is aj)])areril, the engine may Ihj reniov(‘d from the frame 
without disturbing the change .sp<*ed gearsot while the gear box 
may be taken out witlmut requiring the j*emoval of the engine. 
The general consLrnc.tiou of this cliassis is conventional and follows 
established automobile engineering practice. Tt has the virtue of 
having the parts readily acecssilile so lliat repairs may be easily 
made without disturbing oilier components except those that are 
1o be worked upon. 

Tlie plan view at Fig. 340 shows a chassis of recent development 
produced hy the Cadillac Company which is provided with an 
eight-cylinder V engine Loving the transmission gearing iin;orpor- 
ated as a unit with the engimi <*rankcasL*. This construction is more 
accessible than the usual unit power plant is, owing to the design 
which permits of removing the Irausmission case from the engine 
base without disturbing the power jilant. Tn all other respects 
this chassis follows conventional practice. The important parts 
are clearly shown and no difficulty should be experienced iu iden¬ 
tifying them on the actual chassis. 

The repairman will be more often called upon repair motor 
trucks in the future than he has been ixi the past on account of 
the increasing popularity of tlie heavy duty vehicle. The cliassis 
conslrnction in the main follows the design cRtablisbc^d in pleasure 
car practice, excepting for the use of much stronger parts and a 
tendency to tise standard structural steel shapes for frames instead 
of the special pressed steel side members commonly found in pleas¬ 
ure ear service. The average truck chassis will have a pronounced 
overhang over the front and rear axles iu order to obtain a body 
of sufficient size without unduly increasing the wheel base. Gear 
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• driven trucks do not differ iiiatoriaJly in constructi(jn as far as itIh' 
tion of parts is concerned from pleasure cars of the present-day 
typo. The worm drive and double reduction axles are rapidly 
gaining ffivor and the conventional side chain drive construction 
to ■wliich most of the trucks have been built is gradually being 
displaced by tbe more modem forms having a live axle instead of 
the fixed non-rotating inombor shown at Fig. 342. It will be re¬ 
membered by those who have had automobile expcricrjice, dating a 
number of years biick, that many of tlie powerlnl i)loasiire cars 
%’ere fitted ^\ith side chain driving sy.stcins. Tlie powoi* tvausniission 
was to a jack shaft which was practically a live rear axle having 
sprockets at the axle ends instead of wheels, and from that member 
to the rear wlicels, whicli W(jre revolved on a nonrotatablc axle by 
means of dj’iving chains. The iirocess of taking down a motor 
truck chassis a)]d the points to inspect for deprecialioii would not 
differ materially from that used in repairing a pleasuro car assem¬ 
bly. Owing to the use of solid rubber tires, a motor truck is 
subjected to much more vibration than a pleasure car, and con- 
jsiderable more atti'iilion should be given to the running gear 
parts, as these may become loose much sooner than on the pleasure 
car, where all of the load is carried by very n^silieiit pneumatic 
tires. 

No treatise on automobile repairing would be complete without 
showing details of the Ford model T antoniobile, wbi<di is ilie most 
widely used motor vehicle in the world. The reader’s attention 
is directed to the veiy clear sectional view shown at Fig. 343 for 
an idea of the arrangement of parts on tliis universnlly used motor 
car. The various parts are clearly outlined and \ my be located 
by following tbe leader lines to tlieir terminatiem at tlie arrow 
^point. Tlie other end indicates the name of tile corajioncut. Tlio 
plan view at Fig. 344 gives an idea of the. api)caranee when view**d 
from the top. 

Dismantling a Chassis.—The various sttps incidental lo* dis¬ 
mantling a motor car chassis to give all parts a thorough over- 
liauling is shown at Fig. 345. Tlie plan view .showing llie appear¬ 
ance of* the chassis of a Locomobile car at A denotes the appearance 
after the body and fenders have been removed. It is always ad- 
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visaMc* to romovo ))o(ly aiul tlio mud guards before any work 
is done upon llic cliassis, and in ease of an extended overliauLing 
inucli time can be saved by sending the body and guards to tlie 
paint shop while work is being done on the eiiassis. This is de- 
siralde bcMtouse tlu‘ finish of the body is imieh more imi)ortant than 
that of the chassis parts, and it takes more time for tlje painter 
to do an enduring painting job on llio body than mi Ibe running 
gear. Tlie next step is to remove tlie running boards and running 
board irons, if llieso members are fastemid to Uu* frame by liolts. 
T£ the running board supporting memiKTS are riveted to the frame, 
it is not necessary to remove these unless the frame side member is 
to be re-enforeed. The wheels are removed from the front and 
rear axles and tlie frame supimrted by special jaeks. These may be 
OHsily mad(‘ by using substantial east iron hiis(^ plates alamt a foci 
ill diameter in v.hieh a pieee of two-ineh pipe is serowed. A 
sliding arm of cast iron made with either a cam or gib keylock, 
or hayiug a strong set screw to keep it in plaei* when it is set at 
the"pi’01>^'i' height, is adapted to move uj» and down the pipe. In 
some cases holes are drilled through the pipcj and a stop pin used 
through it on which the snp|)orting arm is allowed to rest. These 
frame supports liave the advantage of not interfering with the 
removal of the various chassis components ins they supjiort tlie car 
weight direelly under the frame sides instead of through the ine- 
diuin of the axles and springs as tlie ordinary lifting jacks do. 
Four of these stands arc used, two on each side of the car. . 

The ajipearanee of the chassis with the running boards an<l 
wheels removed is shown at Pig. 345, B. The next step is to re¬ 
move the radiator, the steering gear and the change speed gear 
controlling inemhcrs. The clutch and brake pedal cross shaft may 
also be taken from tfle chassis at this time. This leaves the frame 
in tlie condition shown at C, Fig. 345. The next step is to take 
otic the roar axle, including the propeller drive shaft, torque mem¬ 
ber and radius rods. The chassis tlien has tlie appearance as at D. 
After the removal of the cliange speed gearing the parts left are 
shown at E. The dasliboai’d assembly and the engine arc next taken 
off the frame, which leaves the frame as shown at F. At this time 
only the front axle and rear springs arc retained. AVhen all the 
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iiiciudjii^ llic front axle and tlio front and roar sprinjys, are 
roniovod jiotliiii^^ !jut tlio bare rranio, as slnJwii at (J, is lol't. 

ll is seldom ^necessary 1o strip a car down to the. jmini shown 
at K <jr («. nidcss repairs arc nocdiMl on th<‘ frame and the injured 
I)<U’1s caniKil be reached with the various power plant and trans¬ 
mission units in p]a<'e. The reason for the. removal of such parts 
as the jimlor. slcjn'inj? jrcar, clianj'e speed gear box and axb^s is 
that t]ies(‘ can always lx* more conveniently worlced oji if supported 
on speeial stands adapti-d to receive lliem. ^taiiy of these bnve*^' 
been dcsci'ilM'cl in an carUin* cJiaplicr ■when s]jeaking of shop furni¬ 
ture. Obviously tlie ju’oeess of ivassembling wonhl b(‘ just tlu* re¬ 
verse of (bat outlined for taking the eliassis apart. Starling willi 
the l)are frame shown at 0, one ■\V(mld add the springs and front 
axle as at F, tlnai install the ]»ower plant and dashboard assembly 
as at F, eon|»le u[) the change ’spi*ed gearing as at 0, llien put in 
the n-ar axle and llie various eo!meeli»>Jis as at (‘. The steering 
gear, radiator and various control rods and hwers xvould then bo 
pul in place, as well as tlie muflli*r asscjiildy, which would l)7*ing 
the chassis to the almost cnmpleled state ontlined at 11. Tlus addi-<' 
tion of the running boai’d.s and their supporting irons, the wheels, 
brakes and brake pod linkage, would then coniplole the chassis as 
showji at b'ig. iUo. A. 

The various retention means, such as bolts and look washers, as 
well as other forms of lock menibors, arc doacribed in the chapter 
dealing with sj)erial r(»palr processes. The most common form of 
nut retention is by employing a ,split pin iu connection with a 
castellated niit. A number of tools have been described for cotter 
pin removal, but. many owners of cars do not possi'ss anything but 
the tools furnished witli the I'cpair kit, T\vo melbods of (king* 
this work easily w-hicli do not recpiirc the use of a special tool arc; 
shown at Fig. S46. One of the best ways for getting an ordinary 
split pin out of the hole ia shown at the top of the illustration. 
The pin is graspt'd between the ordinary combination plier jaw's 
and a hammer is used against the plier to draw out the pin. The 
other method, which is shown below, consists of inserting a steel 
drift pin or nail set through the hole in the cotter j)in head and 
then striking the drift with a hammer. It will be found that the ^ 
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romovnl of pin will 1)(* oxp(*iUl<»<i coiisitlc^rahly hy’s({Ue'('zing; tlie 
if t!n‘y ?irt* sprojui, whli llu* ])lii‘rs bofoi-f atloiiiptijig 
to wilhdrnw Die p'‘i rn;rn tin? 

A vory good 
oi* suppoi-ting 1 !io front 
or roar oinl of a dio- 
loi' car frame, if tlion* 
arc firojoctiiig jiarN, 
is shown ;it Fig. dl7. 

'riiis (•ollsi^ts of plac- 
i)jg a Hat i)ar of sh-.-l 
nndi’r Ihe frame jiNf 
Ikh'Ic of the s ring 
horns, jiihI hy nsing a 
wooden Imrsc or Iresth^ 
under tho inui bars to 
s M p j> 0 r t tile Aveight 
of the vehii-ie. 'fhe 
springs may lln*u be 
taken nil* without dis- 
tiivliing the axK- and 
sti'ering eonneefion, if 
thoRo-are tlui cmly mem¬ 
bers that (t<*mand at¬ 
tention. [f it Iu‘com(‘S 
necessary to move* tlie 
car at any time while 
tlie horse is in place, 

•the space between the frame and axle may he filled hy blocks of 
Avood, Avhicli become tenijiorary spacing members and which will 
permit the AAoiglit of the car to res! on the axle. Tho same method 
may be in suppoitiiig the frame in event of a complete OA-er- 
hanliiig being necessary. 

Straightening Bent Frame Member. —One of the most common 
rcpaix*s to a frame is straightening a spring horn or dumb iron in 
event of a collision. A very simple and effoetive method of per¬ 
forming this work is sh^wn at Fig. 348, proA'iding that the frame 



Fig. 340.—Simple Method of Extracting 
Split Cotter 1 ius. 
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Pig. 347.—Outlining Method of Supporting Front End of Motor Car 
Frame When It is Desired to Remove Either Front Springs or Front 
Axle. 



Fig. 348.—Showing Method of Straightening Bent Frame Side Member. 
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Straightening Bent Frame 

is bent forward of the radiator support and that the shock has not 
cracked or materially injured the metal. If the frame side is 
cracked it will be well to straighten it to its original form and then 
fill in the cracks with new steel by the oxy-acetylene process. If 
the frame is merely bent, straightening to its original form will be 
all that is necessary to effect a pc’rmaneut repair. The radiator 
should be removed, ns well as the front axle aiid the springs. The 
front of tlio machine is supported by'blocking under the frame 
members vr by any suitable stand. Tlie body should be raiscd.from 
the chassis about four inch<‘s at the front end so that a loop of 
chain can be j)assed around the frame member to act as an anchor¬ 
age for H piece of joist used in straightening the side members. 

A piece of sheet steel is placed \inder the frame and supported 
by the box, the top of wliieli has l)een covered with about 3 iuclies 
of saTid. A I'oiigli fiMiiace may be constructed of firol)i*iek and the 
frame covered with charcoal, a slab of firebrick serving to keep 
the heat confined to the hciit portion of llu* frame. A large gaso¬ 
line blow torcli is emplnved in umiieetion with the burning charcoal 
and sulTieient li(‘at is ajiplied to bring the frame side to a cherry 
red beat for several inches each side of the bend. The torch is 
set aside and while one man carefully ninnipulates the jack, which 
is best jilaced against a piece of board resting on tlie frame member 
at llu* j)oint w'herc the engine support is boiled or where a cross 
brace is riveted, an assistant facilitates the work by hammering 
and contouring the heated so<ition to bring it back into shape. A 
blacksmith’s “flatter” should be interposed between hammer and 
frame in order not to dent the frame side, as mijdit be done if 
the liammer bhiws w'ere directed against the heated member. The 
straightening can be doiu; only while the frame member is hot 
enough to show color, and as soon as the redness is lost the torch 
must be again applied to lieat the bent section before any further 
work is done. A block of wood may be interposed between the 
frame channel so the chain or bar loop at either end of the beam 
does not crush in the metal where x>ressure is applied. Th'e sketch 
plainly shows the manner of doing the %vork and the use of the 
tools to effect a very satisfactory restoration. 

Trussing Weak Frame. —The frame side members sometimes 
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r.ag after the car has hecn used for a period, especially if it is 
operated at liigli speeds over rough roads, or in the case of a motor 
truck that has heoTi made to carry overloads. A weak channel sec¬ 
tion raeinher of this character can he madti stronger \)y either of 
two metliods. It may he re-e.nforcod hy a plate riveted to the 



Fig. 349.—Methods of Bepairing Cracked Frame Side Member. 

interior or it may be trussed hy truss bar and turnhuckle arrange¬ 
ment. Sometimes a plate i.s added to both inside and outside of 
the frame and the whole held together by rivets or holts. The 
best method where conditions permit is to use the inside re-enforce¬ 
ment as shown at Fig. 349, B. When correctly applied, and pro¬ 
portions properly worked out, this results in the greatest strength. 
The sketch shows two common method.s, one correct, the other in¬ 
correct. Instead of using a ^ndc flat plate, slightly greater in 
height than the inside distance between the upper and lower flanges 
of the channel, the re-etiforcing member should fit the interior of 
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lii3 channel closely, as at B. Tlie wide i)latc method shown at A 
is wronp for fwo reasons, the first b(*ing that the main frame gains 
little strength from the plate and but a small amount from tlie 
fastening, where the mounting is such that these are subjected to 
internal stressi's which may break them without considering the 
external forces acting on the franie. The fillet in the corners 
of llu; el)annel make the aeeurate fillijjg of siicli a plate a very 
tedirms jol), so that usually a eom])pomise is accepted and tlie re- 
leiiibveiiig nienibers driven in by brute force. 

Tlie ri-j>{Mr plan outlined at II is a much l)etter one, as in this a 
wid<' sher-t of fairly tliiek metal is forged to ehanuel sliape so it 
ii!s llie inside (jf the frame elusely. The ctmtour of the interior 
<-l’ tlie si'elion may he readily found by making a template of liglit 
slieeL nielal. Tin; iv-miforcing member slnmld he just a triM(‘ largeJ' 
tliiU' the interior of tin- frame, as it must b** driven in plaee when 
assemliled. Jl is llieii allayhed lo the side as well as at the tO|> 
and Ixittoin of the channel by bolting or riveting. These fastenings 
lend mueh stillness and streiigtli while tlie plaeirig of the retaining 
^bolts (.r rivets will not allow cif any shifting of jawts after the 
jv-eiiforcing plate is once installed. "Wliik* it retpiires a liltlc more 
time lo make tlnni tlie former, it will give eonsidm'aldy more 
strength ami last tnajiy limes as long. If tin; weak spot or crack 
is at only one jmint, a leii-ineh plate will do, but if the weak zone 
is wider than this greater lengths must bo ns<'d. The method out¬ 
lined to the right of B involves jilaciiig plates on both sides as well 
us top and bottom of the spiing horn. This repair is an unsightly 
one and a much better repair cun be made by using 1 -e autogenous 
welding process instead of the clamping plates. No matter what 
^process is employed, it is necessary to bring the injured i)ortions 
of the frame together in the same relation they occupied before 
fracturing. 

Sagging side members in cars of the form where the engine and 
gear box arc separate units may not be apparent except by diffi¬ 
culty in gear shifting, owing to lack of alignment between the 
clutch and gcarset shaft or binding in the gear shifting mechanism. 
This condition is specially noticeable in cars using w'ood frames. 
When the construction permits, a truss rod forms a very effective 
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inparis of straightenintj up a sagging side member and preventing 
a recurrence ol* that trouble.' The illustration at the lower part 
of Fig. 349 shows one method of re-enforcing a side member, though 
the adjustable niember, to draw the frame together, can be just 
as well made in the form of a turnbuckle and pla(5cd on one sidci 
of the brace rod. In tlic cut letter A indicates tlui side member, 

B the repair plate with sliding bolts and lock washers, C the truss 
rod and manner of attachment, D a bolt with an enlarged support¬ 
ing head, K the flat enlarg<>mont of the truss rod to secure sufficient \ 
jwctal to have a hole to receive the truss bolt I), F a tension nut 
on the truss bolt. The advantage of this repair is that it may 
be made at any country blacksmith’s shop, wOicreas the fitting of 
a turnbuckle usually requires machine shoi> facilities. The bolt 
is placed under the cracked portiem indicated by X, and tension 
is i)roduced i*i tlio truss i*od C by screwing down the nut F on 
the bolt 1). The truss ro<l may extend^from the front to the rear 
end when the side member is sagging, and would be longer than 
ihat indicated for snpportiiig the cracked side members. Tn this 
case the truss would resemble that used in bracing freight car ^ 
floors, in that it would liave two supporting members in the form 
of castings under the frame spaced far enough apart so tliere will 
be a length of straight rod joining them in wliich the turnbuckle 
would be placed. The best method of anchoring the ends of a 
truss rod to a frame is to make an eye member in each end of the 
rod and to have a forged 1 member with a flattened portion that can 
be fastened to the frame side by substantial bolls to attach the 
rod ends to. Care should be taken in tightejiing up the truss mem¬ 
bers not to buckle the frame side rail to the other extreme after it 
has been straightened out. ^ 

It is not unusual to find the rivets at the corners of a frame 
or those holding cross members and gussets or re-enforcing plates 
loose. If they are not very loose, satisfactory repairs can often 
be made by peening them over again, nsing a heavy hammer and 
a suitable anvil or rivet set to receive the force of the hammer 
blow. A rivet set for frame work may be easily made by taking 
a large bar of square or round section iron or steel, three feet long 
and two inches in diameter, and turning up one end at right 



Resetting Frame Rivets 

angles to the bar about three or four inohea back from the end. 
Both ends are then tapered down so that the area is approximately 
an inch square. A suitable counter sunk depression is then made 
to receive the rivet head at each end of the bar; one may also be 
placed on the side of the bar about an inch from the end. This will 
permit the use of the same bar in corners as well as on rivets so 



Fig. 360.—Showing Construction of SemL>BUlptic and Three-Quarter 

Elliptic Springs. 

placed that the length of the bar does not prevent it being held 
against the rivet heads. Two men are required to do a good job 
of riveting, one to manipulate the riveting hammer, the other to 
hold the bar up against the rivet and absorb the impact of the 
hammer. If the frame members are very loose it indicates that the 
rivets have become reduced in diameter and partially sheared. 
In cases of this kind nothing will he gained by peening the rivet 



Tbs Automobile Repairing Made Easy 

heads over more. The only safe remedy is to chip off the rivet heads 
with a sharp cold chisel and then hnock them ont of the holes with 
11 steel drift. The holes an; then drilled to the next larger standard 
rivet size and new rivets secured. These are usually of Norway 
iron, and should he heated to a red heat in a gas or coal forge 
before being headed up. 

Care and Repair of Springs and Spring Farts.—There is no 
more annoying condition to tJie motorist wlio desires a smooth run¬ 
ning and quiet ear than continual squeaking noises due to dry-, 
running gear components. If the springs squeak continuously, and 
their comi)laiut iloes not cease after a thorough oiling of the sus¬ 
pension joints and sliackles, there is no cure otlier than intro¬ 
ducing lubricant between the leaves. The best method of doing 
this is to take the springs apart and place liberal quantities of 
graphite greasf* between the leaves before aSvSembling them and 
remounting. Before comnuuicing operations the chassis should be 
securely supported and blocked up to take tlie load off both springs 
at the frout or rear, as tlie case may be. A. good method of doing 
this is to lift the ear by jacks and support it from the spring 
hangers by a heavy iron bar or ivooden beam placed directly under 
them and between tlie springs and the frame, as siiown at Fig. 347. 
The weight may be taken by a wooden trestle or suitable blocking. 
Another method is to relieve the weight of the car by raising the 
cross piece witli a chain fall or portable crane. When the load 
is taken from them, the springs will assume their natural pasition, 
and it will be comparatively easy to release the spring clips holding 
them in place at the axle and the shackles and take them apart. 
When reassembling, fill up all of the holes in the shackles and 
bolt eyes with grease. While the spring leaves are separated it will 
be well to remove all nist from the surfaces by scraping and then 
smoothing with coarse emery cloth. 

.Various types of springs that have received general application 
are shown in illustrations Figs. 350 to 353, inclusive. That at 350, 
A, is one of tin? most popular spring types and is called the ^‘semi- 
elliptic**; the form at B is known as the “three-quarter elliptic.*’ 
A platform spring suspension consisting of two scmi-elliptic springs 
parallel to the frame side member and one semi-elliptic spring par- 
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nllel to the rear cross inember joined together by double shackles 
is: shown at Fig. 351. The cantilever form of spring which is now 
assuming some jironiinence is shown at Fig. 352. The “full elliptic 
spring/’ outlined at Fig. 353, is not as pijpiilar as it used to be, 
and is found on cars of several years back ratlier than on pres¬ 
ent-day models. There arc two notable exceptions, how’ever, the 
Franklin and the Jackson, wliieh .still use the fnll elliptic con- 
striietion. 

It will be observed Ibat there are a number of points about 
springs that demand attenlion be.side.s the spring leaves. These 
include tin; spring sup))orthig shackles, the shackle bolts, the spring 



Fig. 361.—Arrangement of Platform Spring Suspension. 


retaining clips, and the rehoiind cli]xs. Thcr ‘ is considerable di¬ 
versity ill the design of the spring loaves and the finish at the 
end of each member. The nomenclature of the various finishes 
recommended by the S. A. E. is clearly illustrated at Fig. 354, A. 
The usual constru<;tion of a spring clip is shown at 11. The ap¬ 
proved type of spring shackle is shown at C, As will be apparent, 
Ibis ineraber consists of two side links and two bolts holding them 
in place to tlic spring eyes. On modern cars the holts are provided 
wdth .small grease ciii).s and with passages drilled through them, 
through which lubricant may be inirodiieed to the bearing surfaces. 
The spring eyes are bushed with hronze bushings, which may bo 
renewed easily when worn. On ears several years old this pre- 
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caution was not taken except on those high grade makes where -t? 
cost was such as to warrant the expense. To-day, practically a. 
cars, even though selling at moderate prices, are provided wit 
this refinement of detail. Where no provision is made for lubri 



Fig. 362.—Cantilever Spring, as TJaed on 1915 Automobllee. 

eating the shackle bolt, and where the hard steed spring eye bea 
directly against it, it is not unusual to find these bolts worn ha ’ 
way through after a season’s use. Even when tlic bolts are of th- 
lubricatod type, it will be found advantageous to take them ou 
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,, ecasionally and clean out any hard grease that may have accumu¬ 
lated in the passages or between the bolt and the bushings. With 
the old construction the bolts were usually left soft so as not to 
wear the spring eye. For this reason they wore rapidly. The only 
remedy is to replace the worn bolts with new ones of the proper, 
size. 

IE dismounting the springs is considered to be too strenuous 
a t.;sk, graphite and cil may l.e iiitroduct'd Ixjtween the leaves by 





Fig. 353.<>r-Appllcation of Full Elliptic Springs for Supporting Rear of 

Automobile Chassis. 

using some form of a spring spreader. Block up any lifting jack 
BO that when the ram is at the lowest point it can just be intro¬ 
duced between the blocking and the low'cr fla.‘ge of the frame at 
e spring hanger supporting the spring first operated upon. If 
c jack is screwed up until the lire is raised clear of the ground 
*hi8 will cause the weight of the wheel and n portion of the axle 
to be suspended from the frame through the spring, and if no 
rebound clips are provided and the spring retaining clips are 
loosened slightly, the leaves will probably be easily separated by 
the introduction of a spring spreader. The graphite grease may 
then, be introduced between tlie leaves with a piece of tin or oil 
may be applied with a hand oil cup. A handy device for use 
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in garages, and one that can be easily made by the repairman, is 
shown at Fig. 355, A. This is easily forged out of soft steel, and 
if necessary the wedge-shape tips may be case-hardened. The 
handle should be made of such length that no great amount of 
strength will be needed to spread the springs. The method of use 
is very simple and is clearly shown beneath the cut of the tool. 
Another form of spring spreader which may be procured of any 



Fig. 354.—A—^Defining Designation of Finishes of Spring Leaf Ends. 
B—Showing Constmetion of Spring Betainlng Clip. 0—Section of 
Spring Shackles TTslng Lubricated Shackle Bolts. 


accessory dealer and the method of u.se is shown at Fig. 355, B. 
Tlii8.has the advantage of being readily adjustable for different 
widths of s])rings. 

A simple device that has hcf*n recently introduced for the 
purpose of feeding lubricant between the leaves of a spring con-‘ 
cinually, and jn.st where the lubricant is needed, is shown at Fig. 
355, r. This is known ns the Dann insert, and is a [)iece of special 
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/lexible metal, having maeliine-puiiehed, staggered holes as shown. 
Tliese holes are filled witli a special grease having a melting point 
of over 200° Palir., and on both top and bottom of the metal 
strip a piece of prepared wax paper is placed to retain the lubri- 
f cant lodged in tlie holes of the metal strip. The strij)s are cut to 
the proper length anil placed between each pair of spring leaves. 
The inserts may be procurt’d in seta, all cut to i)ropcr length, for 
tlie springs of standard cars. Tt is slated that after the inserts 
are placed in a spring tlic nibbing aelion tends to wear off tlie 
wax pai>or and iiermits the grease to How between the spring 
leaves. As tile grease is retained in j>ocke1.s, it is not aj)t to 
run out at the sides of the leaves and .spoil the finish of the 
ca r. 

^ The following adviei* on llie care of motor truck springs was 
taken from a paper 7'ead by John (1. V\7. before file S. A. E., ^nd 
as ruauy of the points mentioned Iherein apply just as well to the 
frame snppoi'ting members of pleasure automobiles, they arc rc^ 
tained and ean be followt’d to advantage by the motorist and re- 
jiairman as well as the motor tniek driver. 

Keep Clips Tight.—Spring clips should he inspected at least 
once a week and tightened as nuich as ]a)ssible. If the clips be¬ 
come loose, the spring will break between tlm clips. If there is 
undue slretehing, of the clips, tlic difficulty might be overcome by 
fliaving new' clips made of bettor material, as it is always cheaper 
to replace clips which are too light than to have broken springs 
as a result. The bearing place upon which the spring rests on the 
axle should absolutely conform to the curvature cf the spring at 
that point, as sufficient bearing surface is just as important as 
tight spring clips. 

Hints on Repairs.—If a spring plate should break, it is im¬ 
portant to have it repaired or re]>laced immediately by a skilled 
spring maker. Quite often a break in a plate occurs at a place 
where it docs not immediately cripide the entire spring, but it is 
Simple to understand that the breaking of one plate throws extra 
work upon the other plates which will break in turn. If one of 
the intermediate plates should break at the center bolt, the spring 
clips should be tiglitcned down until it is possible to have 
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rig. 365.—^Methods of Inserting Lubricant Between Spring LeaveB to/] 

Prevent Squeaking. * 
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the break repaired. Very often rebound clips are loose and 
broken. Missjng rebound clips very often result in broken main 
plates. 

On chain drive trucks there is always an ample allowance for 
adjustment to offset the stretch and wear of the chains. As the 
chains become stretched to a great extent, it is wise to remove an 
entire link and then shorten the adjustment so as to keep the 
spring shackles (at each end of the spring) standing at about the 
^ame angle. 

A spring is a complete unit as produced by the spring maker. 
The removal or addition of a plate cnlirel.y disarranges the grading 
of the origijial plates, and slioiild never be practised under any 
circumstances. Jt is also very bad policy to replace a broken plate 
jUjV any jdatc that happens to he of tlie same width as the spring. 
It is fur more desirable to let a competent spring maker attend to 
the repair or replacement. 

In view of the preceding, there follows a list of things to be 
observed in the operation and care of tlie truck, if there is a desire 
^to give the springs a fair chance to offer their longest life. 

Kules of Reason.—A.—Evenly distribute load. Prevent shift¬ 
ing of load. B.—Do not overload beyond rated capacity. The fac- 
• tor of safely allowed by the maker is for the owner’s protection as 
well as the maker’s. C.—A wheel out of round due to flat spots on 
solid tire, imposes a severe and dangerous shock upon the springs. 
Keep the wheels round. D.—Keep excessive side play out of 
shackles and hangers to minimize the lateral shock on the springs 
when on rough roads. F.—Give careful attention t(' all parts sub¬ 
ject to friction. Keep them amply lubricated, as an excess of grease 
keeps the dirt out. F.—Take .corners slowly, without or with load. 
TG. —Back into a curbstone or platform gently as your radius rods 
I might buckle and throw the jolt upon the springs. In driving the 
j front wheels against a curb or any obstruction, the shock must be 
taken by the springs alone. H.—When loaded, drive gently over 
jpugh road or obstruction, remembering the frame is rigid and the 
springs must take the distortion. I.—Drive at moderate speeds at 
all times. Remember solid tires have little resiliency. J.—If you 
have to tow a car, or have your car towed, hitch the tow-rope to 
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the frame, not to the axle. K.—If an aceident occurs, and a sprinj? 
hanger, or the frame near the hanger is bent, iiave it^straightcued 
at once. A spring distorted by a bent hanger is lial)le to break 
under load. L,—When adjusting chains, remove a link when the 
adjustment would tlirow tlie sliaeklcs to a bad angle. M.—Keep 
spring clips tight at all times. If a center bolt sliould break, due" 
to loose ciiijs, replace it at once. N.—On a crowned road, drive a« 
nearly in the center as i>ossible, as driving to the right throws an 
extra load on the right-hand spring. 

Compensating for Steering Gear Deterioration.—One of th(; 
most important parts of the chassis assembly and one that should 
never l)e overlooked in overhauling is the steering gear, because it 
is uix)n this important control element that the safety of the ear and 
passengers depends. The steering gear should always be kept ad-f 
justed to the point where the wheel will turn freely and yet not 
have any hack lash. The steering gearing consists of the slcitring 
column, the wheel supporting knuckles on the front axle, the tie- 
bar tliat joins the steering spindles togutluir and the drag link which 
acts to transfer the movement of the steering arm to the front axle 
members. Typical steering columns are shown at Fig. Sob. That 
at A is the most common form and utilizes a worm at the lower part 
of the steering p(xst to which the hand wheel is allached, meshing 
with the worm gear whicli actuates the hall arm. A sectional view’ 
of the j'cductioii gearing is shown in the inset A-1. The other form * 
of gear genej'ally used is known as the tiiread njul nut form ano 
has a worm at the lower end of the post which rocks the steering 
arm sometimes culled the/‘pitman** arm or “bair^ arm by moans 
of two half nuts, one of which moves uj) and the other down when 
the W’orm is turned by the hand wheel. This reciprocating motion 
of the half nuts is transferred to the pitman arm by an oscillating 
member against w'hich the ends of the half nuts bear and which 
attached to the shaft that rocks the steering arm. 

Another form of thread and nut steering gear is shown at Fig. 
357. In this the n\it is a full member encircling the screw anj]^ 
carrying projecting pins which engage the forked arms attached to 
the steering arm actuator. As will be apparent, when the screw is 
turned by the hand lever, the nut is raised or lowered, depending 
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Fig. 356._OatUning Construction of Typical Steering Gears. A.—^Wonn and Sector Type. B.~-Scxew and 

Nut Pattern. 
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upon the direction in which the screw is turned. This up and down 
motion of the nut is transferred to the steering actuator throug^i 
the medium of the small pins working in the forged yokes attached 
to the steering arm actuator shaft. The steering gears described 
are of the irreversible form, i. c., motion of the road wheels does 
not affect the hand wheel. Many other arrangements have been 
used for steering gears, one of the popular forms being the bevel 
pinion and sector arrangement used on Reo automobiles which is 

shown at Fig. 358. 
The bevel pinion moves 
the bevel gear sector 
back and forth as it is 
turned, this motion be¬ 
ing transferred to the 
steering arm attached 
on the same shaft to 
which the bevel gear 
sector is fastened. 
'VV’ h i 1 e this steering 
gear is effective, it is 
not irreversible and 
motion of the * road 
wheels may move the 
steering w'heel. 

The common fault 
with a steering gear of 
any type after it has 
been in use for a time 
is back lash in the re¬ 
duction gear. By this is meant the ability to turn the hand wheel 
back and forth a certain portion of a revolution without effecting 
a corresponding movement of the front wheels. There are a num¬ 
ber of points where this back lash may exist. It may be present 
in the reduction gear of the steering column itself or may be due f 
to depreciation or poor adjustment of the various rod ends in the 
steering linkage. Considering first the reduction gearing of the 
worm and worm gear type, as sliown at Fig. 356, the point that 
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will wear soonest is 
that portion of the 
worm gear that meshes 
with the worm when 
Die wheels are set for 
straight ahead going. 

The reason that this 
depreciation is present 
at this point more than 
at the other teeth of 
the worm wheel is be¬ 
cause this point is moat 
widely used, the move¬ 
ment of the worm be¬ 
ing very slight except when turning a corner. Attempts are often 
made to take out this hacl; lash by bringing the worm gear into 
closer arrangement witli the worm by Die use of eccentric bushings 
in which the worm wheel shaft is supported. The eccentric bush¬ 
ing serves very well if the back lash is due to poor adjustment 
rather than depreciation of the worm wheel teeth. It is possible on 

most gears to remove 
the steering arms, give 
the steering wheel a 
half turn and then re¬ 
place the full worm 
wheel so the unworn 
portion opposite to the 
worn teeth will be 
brought into engage¬ 
ment with a compara¬ 
tively unworn portion 
of the steering worm. 
The eccentric bushings 
in this case can be used 
to secure correct mesh¬ 
ing of the worm and 
worm wheel teeth. 





Fig. S69.—Showing Method of Operating 
Spark and Throttle Leven at the Base 
of the Steering Oolmnn. 
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Fig. 358.—The Beo Bevel Pinion and Sector 
Steering dear. 
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As considerable end thrust exists at the top and bottom of the 
^orm when the hand wheel is turned, ball thrust bearings are used 
to resist the end pressure and make the worm easy to operate, if 
these bearings become gummed up with dry. grease or if the balls 
or races become roughened, the steering gear will work hard. If 
the ball bearings arc not properly adjusted, an up and down mo¬ 
tion of the steering post will be possible. H the steering post is 
loose in the steering gear case it is on account of w'ear of the plain 
bushing in which it turns. These bushings are best rc‘|)laeed by 
new ones when worn. 

In the type of steering gear show’n at Fig. 350, B, the half nuts 
are sometimes of babbitt metal ami if not properly lubricated will 
deteriorate quickly. Tlie hardened steel screw' seldom rIiowh any 
signs of wear ainl if lost motion exists it is generally due to (W-^ 
predation of soft half nuts. The best method of repairing is to 
replace these W'ith new members. 1?^ the type of sttH'ving gears 
shown at Pig. 357, the nut is usually made of hard bronze and the 
screw of hardened steel. Very little depreciation will exist in a 
gear of this nature unless lubrication has been neglected. There 
are two plain bushings which may Arcar that support the steering 
post, also tw’O plain hearings on Avhicli the steering rod actuator 
shaft rocks. Any looseness due to depreciation of the bushings can 
jnly he olirniiiatcd by replacing with new bushings. If the imt 
becomes worn it is cheaper to supply a new^ one thaji to attomi>t 
to use the old one. 

Back lash or lost motion in the hcvcl gear and sector steering 
gear shoAvn at Fig. 358, when not due to depredation of the plain 
bearings supporting the steering post and steering shaft may be 
compensated for by screwing in on aii adjuslment screw which 
carries a roll at its low'cr end, bearing against the back of the bevel 
gear sector. This tends to keep the pinion and sector teeth in c()n- 
tact and eliminates lost motion betw(;en them. Practically all steer¬ 
ing gears are provided with grease tight casings and should be 
packed with lubricant at feast every season. The plain bearings of ^ 
most steering gears may be lubricated through the medium of com¬ 
pression grease cups as shown at Fig. 358, or oil cups as shown at 
Fig. 356, A. If care is taken to supply these hearing points with 
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the proper quantities of lubricant, but little trouble will be experi¬ 
enced due to depreciation of tlic plain hearing. 

Many steering gears have the motor speed control levers car¬ 
ried above the hand M'ljei;! by a fixed sector wj)ieh is su]>i)orted by 
a, tube passing through ilie center of the hollow steering post and 
clamped at its lower end to a ntjn-rotajing anchorage plate wliich 
keeps the sector frf»m turning, as the hand whc(*l is moved in steer¬ 
ing. Through the center of this anchored lube, another tube passes, 
in the interior of which is carried a rod as sliown at Fig. 360, A. 
The short control lever is pinned to the rod piussing through the 
center of the steering column while the Jong control lever which 
works on the outside of the segment is attached to the tube sur¬ 
rounding the c<jJiler control rod. At tin.* lower ])ortion of these 
meruljcrs a pair of small bevel sectors is ciirri.'d as sliown at Fig, 
.‘loO. Thest* sectors eiigago coaetiiig members which operate the 
spark and llindlle levers with which connections are made to the 
earliurelor throttle and to the magneto contact breaker, '^"hen dis- 
niantUiig the steering column it is important to take out the center 
control lubes and I’emovc all tbe rust tluit has accumulated between 
them. They are. then smoothed and chiaiied with emery cloth and 
coated with graphite grea.so liefore i;eassemhling. In ninny eases, 
when movement of the control levers does not i:roduec a corre¬ 
sponding motion of the timer or throttle, it is because the small 
levers or bevel s(‘ctors at tlic lower portion of the steering column 
have become loos(‘ on their aetualiiig tulios oi* rods. Tlie usual 
method of fasteuing these members is by friction clamps and the 
trouble is easily remedied by tightening the clan ping screws more 
firmly after the various parts have been located properly. This 
may be done by setting Ibe control lever at the retard position on 
the sector and making sure that the magneto contact breaker or 
timer is also at full retard jiositiori. When setting the throttle con¬ 
trol lever, that member may be moved down to that portion of the 
sector corresponding to a closed throttle and making sure that the 
throttle is closed at the carburetor before tightening the clamping 
screws at all points. For instance, if the construction of the con¬ 
trol levers is as at Fig. 360, A, and the lower portion of the steer¬ 
ing post is as at Fig. 359,.It will be necessary to tighten four clamp- 
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Fig. SCO.-^^howlng Method of Supporting Spark and Throttle Levers at the Top of Steering Ck^lumn. 
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ing screws in order to lock all parts firmly Two of these 

clamping screws arc in the small bevel sectors while the others are 
in the levers, one at the bottom of the steering column, the other 
at the top. There may be a tendency at limes for the entire toothed 
segment to turn with the steering wheel which causes the engine 
to race or which shuts it oflT altogctlier when turning a corner. This 
annoying condition is due to looseness of the sector supporting tube 
in the anchorage plate at the bottom of the steering column. If 
difficulty is experienced in keeping this tube tight, the trquble is 
due to dejxisits of rust betweem the sector supporting tube and the 
interior of the hollow steering column. Tlie only remedy is to re¬ 
move the sector retaining tube from the interior of the steering 
column and remove all rust dc'posits and coat the parts liberally 
with lubricant before reassembling. 

The control levers at the top of the steering column are usually 
of the form at Fig. 360, A, though in some cases the construction 
shown at B is used. After the car has been used for a time the 
fine teeth on the sector may become burred over and the ratchet 
plungers may be rounded by constant friction with the teeth so the 
levers no longer stay in the places where they are set. The remedy 
for this condition is obvious. Tlic teeth in the sector must be recut 
with a fine, three cornered file and the*eiids of the ratchet plungers 
must be repointed by grinding and the springs keeping them 
pressed against the sector sliould be strengthened by lengthening. 
Wlien the friction block arrangement as shown at Fig. 360, B, is 
employed, any tendency to slip may be easily remedied by tighten¬ 
ing up the spring tension adjusting nuts shown. The increase in 
spring strength augments the friction between the friction block 
and the side of the casing and serves to retard too free movement of 
the control lever, 

A complete steering gear assembly with all parts clearly indi¬ 
cated is shown at Fig. 361. This shows the various points where 
back lash may exist and the resulting lost motion produce erratic 
^ steering. Taking these up in order, we have first the bolts support- 
’ ing the wheel spindles in the yokes at the end of the axle, and the 
bushings in the wheel spindle itself. Next we have the pins and 
rod ends at the end of the tie rod, then the connections at each 
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end of the drag link. The point where the steering arm fastens 
to the steering gear should also be inspected to make sure that the 
arm is firmly clamped to its actuating shaft. On practically all 
cars, removable busiiings arc provided in the steering spiudle which 
may be readily removed and replaced with new wlien worn. The 
ends of the tic rod have the bolls in them a tight fit and usually 
acrew through the lower portion of tin; rod end. This means that 



Fig. 361.—Showing Important Linkage of the Steering System. 

t 

the wear will come on the bushing in the steering arm that extends 
from the spindle instead of in the rod end. 

The various steering gear parts that demand inspection are 
grouped at Fig. 362. The section at A shows a worm and worm 
sector steering gear with the upper half of the gear case removed 
to expose the gearing. This form is subject to the same trouble 
that the full worm gear and worm arrangement previously de¬ 
scribed is, but in event of wear of the sector teeth it is not possible 
to turn this over and obtain a new' set of bearing surfaces. Practi- 
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cally the only remedy when this construction is followed, is to re¬ 
place the sector with a new one. Of course, if the lost motion is 
due to. poor adjustment, the usual eccentric bushing method of 
bringing tlie leetli into more intimate eo.iifact may bo used. The 
arrangement of tlie rod ends used on Ihe drag link and designed 
to operate in connection with tlie balls usually provided at the 
end of the steering arm is shown at B. As will be apparent, 
the ball rests between two plugs having s(;mi-spherical depressions 
that act as a ball seat. One of these jdugs is iiressed against the 
ball by a substantial coil spring, while the other adjusting plug 
is brought in contact with the ball Avith a threaded adjusting plug. 
As the ball cun only be introduced in the socket when the adjust¬ 
ing plug is out, which permits the small section of tlie steering arm 
, to tit the slot, it will be apparent that even if tliis joint should 
loosen that it would bo practically impossible for the ball to come 
out. In event of lost motion being manifested this may be easily 
taken up by loosening the clamp bolt or removing a split pin lock 
sometimes provided and screwing in the adjusting plug until all 
lost motion is eliminated. 

The usual steering knuckle assembly is shown at Fig. 362, C. 
It Avill be observed that the holt acting as a bearing for the steer¬ 
ing knuckle and passing through the top and bottom of the steer¬ 
ing yoke is provided with a grease cup at the upper part in order 
that tiie joint may be kept thoroughly lubricated. After the front 
wliecl has been properly adjusted, if it is desired to find if there 
is any looseness in the steering knuckle, the wheel should be grasped 
by opiwsite spokes, one at the-top, the otlier at the bottom and with 
the leverage thus provided endeavor to shake the knuckle on its 
supporting bolt. If there is any lost motion the bolt should be 
removed and its hearing surface examined. If it has been cut into 
or is reduced in diameter at tlie bearing points a new bolt should 
bo provided. If the bushings in the stcci’ing knuckle are worn 
they should be driven out and new' ones supplied. 

^ Some inexperienced repairmen and many motorists are inclined 
to bclicA'c w’lien they first see a dished” front wheel that the front 
axle has sprung and that the construction is faulty. There is a very 
good reason for tilting the wheel as shown at Pig. 362, D. This 
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Pig. 36C<—Parts of Automobile Stewing System that Demand Inspection when Orerbauling. 












Testing Wheel Alignment 

is to obtain ease in steering and the usual angle ol* inclination is 
about three degrees, 'Without going into an involved explanation 
of the reason for doing this it may he stated that it is a mechanical 
principle that the nearer the center of the spindle bolt and the 
pivot point of the wheel are to an alignment, the easier the car 
will steer. If it were possible to bring the center of that part of 
the tire which is upon the ground lo a point exactly under the 
joint of the steering knuckle the arrangement would be ideal. To 
secure this alignment or to get as near to it as is practical with 
the accepted Elliot steering knuckle cunstrnction, it is customary 
lo tilt the wheel. In the case of the Ford car, a plumb line dropped 
through the spindle bolt would strike the ground about two inches 
from the pivot point where the wlieel tire rests on the ground. The 
diagram makes this point clear. It is customary to find the front 
wheels of large cars dished in the same marmer so this point should 
not be confused with lack of alignment in a horizontal plane 
which will interfere with correct steering and rpsuH in rapid tire 
wear. 

Testing Wheel Alignment. —A splendid opportunity is present 
during the overhauling period for aligning tlic wheels and axles 
which should be done to make sure that they have not moved out 
of their correct position. But little apparatus is needed to make 
these trials, the outfit consisting of two chairs, two heavy pieces of 
wood, and two lengths of stout cord. One chair is placed at the 
rear of the chassis, the other at the front as indicated at Fig. 363. 
The chairs are located as near as possible to the center line of the 
machine and after the cords have been adjusted the chairs are 
spread apart enough to tighten the cords. In order to prevent 
movement of the chairs when they have been properly placed they 
may be weighted down with iron or steel parts. The important 
thing to do is to have tiic cords parallel to the frame side member 
and to have the member on the right just the same distance awgy 
from the right hand frame rail as the left hand cord is from the 
left hand frame rail. A cominon defect of alignment of the front 
wheels is shown at A. In this case tlie tie bar is too short and the 
wheels are nearer together at the back than they are at the front. 
The opposite to this condition is shown at B, in which case the tie 
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bar membor is too long and the wheels are nearer together at the 
front than at the rear. Either of these conditions will result in 
uncertain steering and wiW also produce rapid tire depreciation. 
Practically all tie bars are adjustable to a degree and steps may be 
taken to straighten up the wlieels by either lengtliening or shorten¬ 
ing the tie bar as condilious demand. The sketch D also shows the 
method of te.sting a rear whcjcl for parallelism with the frame side 
member. At (’, the metliod of measuring for alignment of front 
and rear axles is shown. As will be apparent the rear axle has 
.sliiftcd on its springs and the wheels are not parallel with the 
frame side members. At I), the axle has moved sideways due to 
shifting of the spring chairs iind the wheels do not track, even 
though the rear wheels are parallel to the frame side member. It 
is important that the cords be stretciied at a height equivalent to 
the center of tlie wheel hubs because some ears are made with con¬ 
siderable gather in llie front wheels so that the distance at the 
rear of these members to the cords-would he slightly less than at 
the front. Then again, many cars have considerable camber in 
the front wheels which means that tlie top of the wheels will lean 
outward, therefoi’e any distances measured above the center of the 
hub will not agree witli those taken below it. By stretching 
the cord along the center lijie of the wlieel this trouble may be 
avoided. 

Universal Joints.—The universal joint is an important element 
in practically all shaft drive cars, some constructions using but one 
joint if the propeller shaft is protected by a long housing while 
other systems employ two universal joints, one .it each end of an 
exposed propeller shaft. Universal joints on many early cars were 
run exposed and considerable trouble was experienced due to rapid 
wear of the bearing parts. When exposed there was also consider¬ 
able difficulty in keeping the joints properly lubricated. The mod¬ 
ern forms arc housed inside of a casing member, wind) is not only 
designed to exclude Uie dirt and grit from the bearing surfaces, but 
which is also depended on to retain lubricant. A typical universal 
joint assembly and the parts comprising it are shown at Fig. 364, 
A. The main parts of the joint are the yoke member A, and the 
disc member B. The yoke has bearing surfaces 0 and P designed 
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to engage two of the pins on the universal joitit cross member J. 
The other two pins fit into the bearing members R and S attached 
to the disc B, The entire joint is housed in by the cover members 






- Fig. 364.»Uxiiver8Bl Joint Constmctlon. 

D and Z. The driving flange B may l>e bolted to a corresponding 
member on the end of a change speed gear shaft or rear axle pinion 
drive sh^ft, "while the sleeve member A, which is provided with 
either a square or splined hole as desired, fits on the end of the 
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propoller shaft. The points that will wear soonest are the pins M, 
T, N, U, carried on the tiniversal joint cross J. When looking over 
universal joints it is well to make sure that the sliding points arc 
free and that the sleeve member does not bind on the propeller 
shaft. Where two universal joints are used it is not necessary 
to have a slip joint at both ends and one of the sleeve members 
may be fastened securely to the propeller shaft. 

The nnivensal joint iit Fig. 364, B, is called a roller hearing 
joint and consists of a holl^, slit bronze .sphere attached to one 
shaft and a steel Sphere, which may also be hollowed, attached to. 
or formed integral with the end of another shaft. Four adjust¬ 
able studs carrying conical rollers at their inner ends are equally 
spaced around the outside sphere. The inside ball contains four 
slots into which the i»ins project. The slots are so shaped as to 
allow free uiiivcrf;al action and get no back lash at any point. 

Another form of joint designed to give a flexible drive is shown 
at C. This is increasing in popularity and is found on a number 
of cars for final drive though it is more widely applied as a driving 
connection between the clutch or gear box or for magneto or elec¬ 
tric starting generator drive. Two three fingered spiders having 
a suitable boss attached thereto to receive the end of the driving 
shaft are bolted to discs of leather, the fingers of one spider mem¬ 
ber being placed between those of the other and the leather disc 
securely held to caeli of the spiders. Owing to the flexibility of the 
leather it is possible to drive parts that are not in absolute align¬ 
ment, though this form of joint is not suitable for use wliere there 
is apt to be considerable movement between the parts and the 
other types of univorsul joint are better adajded owing to al¬ 
lowing a greater degree of motion between driven and driving 
shafts. 

A simple universal that has been adapted to some extent for 
light work is shown at P'ig. 364, D. Tliis consists of a ball shaped 
center member having machined slots into which suitably formed 
yoke members fit. This joint, while popular for machine tools, is 
not widely used in automobiles and it is illustrated in order that 
the repairman may be familiar with all practical forms of joints. 
The form shown at Fig. 365, A, is that used on the National auto- 
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mobiles and as two views are presented its construction should be 
easily understood. A driving member is kej'ed to the end of the 
transmission shaft and is securely held on the taper by a suitable 
clamping nut.. The driving member is ])rovided with two longi¬ 
tudinal slots in whioh sqiinro. nuts or sliding hlooVs fit. Thoso iiro 

mounted on a pin which is driven through the enlarged end of the 
propeller shaft. With this construction two joints arc nece.ssary, 



Fig. 365.—Construction of the Sliding Block Pattern Universal Joint. 


one at the front cud of tlic shaft, next to the gearbox, and another 
on the rear axle. After the joint has been in use for a time there 
may exist considerable looseness between tbe bearing pin and the 
bole iji the sliding block and there may also be some depreciation 
of tbe slots in which the block slides. If the slots in the driving 
member are worn they should he machined out so that they are 
true and smooth though perhaps somewhat wider than they were 
originally. -It is a very simple matter to make new case hardened 
blocks that will fit the enlarged slots in tbe driving member. The 
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manner of covering the joints in order to retain Jnbricant and keep 
out the dirt is clearly shown in the illustration. A pressed steel 
cover member is designed to fit over the driving yoke while the 
))ropeller shaft end is encased with a flexible leather cover securely 
damped to both driven shaft and flanjje on driving member cover. 
In order to make it easy to introduce new lubricant to the interior 
of the joints a screw plug is provi»lcd which is screwed into a fit¬ 
ting riveted to the hiathor govoriug. AVhere two of those joints 
are used it is desirable to liave tlic propeller shaft held so it may 
slide to some extent as the axle moves up and down yet not be loose 
enough to rattle. The desired end is easily obtained by interposing 
e(ul springs in each universal joint whicli bear against the en- 
largcil end of the driven shaft and seat on the driving member 
retention nut. 

Other forms of joints wliieli ])rovide a certain amou?it of uni¬ 
versal action uro shown at B and C-, Fig. In the former there 
are bnl two rocking members wlier<‘as in the latter there are four 
rocking members. The driving member of the joint consists of a 
sleeve having a square hole Jnado to receive the end of the driven 
member whicli is a square or reetaugiilar iu cross section but hav¬ 
ing rounded faces as indicated. In the form at B, two of the sides 
of this “s(|uare ball’* are in contact with tliin discs having one 
side curved to fit tlie. inside memher and the other side fiat to fit 
a side of tlie internal scpiare. In the foi’in shown at C, four of the 
rocker members arc used instoail of two. These rocker members 
do not interfere with the nniveraal action and are valuable in that 
they provide for longer life than the ordinary form t>f w'abblc joint 
as tlierc is amiile ooiitatd, surface betweeji tlie driving member and 
the face of the rocker discs and there is also ample surface contact 
lietweim the driven member and tlie rounded seats of the rocker 
discs. 

Radius Bods, Torque Members and Control Linkage.—On 
every chassis there are a number of points where the motion is rela¬ 
tively slight but where the parts are subjected to considerable pres¬ 
sure. Among these may be mentioned the radius, rods used with 
side chain drive cars and the torque members furnished when the 
bevel or worm drive axles are used. The form of the torque mem- 




Fig. 366.—ConYentional Method of Taking Driving Thrust and Braking and Driving Torque In Modem 

Automobiles. 
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her varies with Uie system of drive employed and is in turn, de¬ 
pendent upon the preferences of the designer. The reason it is 
necessary to provide a torque member with a shaft drive axle is 
that all the time the rear wlieels are propelling the vehicle the re¬ 
action tends to turn the axle housing and this motion must be re¬ 
sisted by some arrangement that will hold the axle in its proper 
position. The torque members are also required wdien the brakes 
are applied to a car because there is also a tendency for the axle 
to rotate when the retarding for(;e is applied to stop the wheels 
from turning. The various common forms of torque members are 
shown at Kig. 366, these illustrations having ))ccn rejiroduced from 
the Horseless Age. 

The c*o)istruetioji sliown at A is a common one and is used on 
number of cars, some of which, Jis the Overland, arc sold in very 
large quantities. Tu tiiis coiistnietioii, the propeller shaft to which 
the hevcl driving pinion is secured is carritMl by a long tube securely 
fastened to the axle at one end and carrying a yoke casting at the 
other supported by suitable bearings attached to the frame ci*oss 
1 member. This yoke is mounted so it swivels on the axle lube, per¬ 
mitting the axle to be higher on one sitle than the other without 
stimsing the joint, a condition that is often necossiiry and. in fact, 
unavoidable wlicn running over rough roads. It is evident that 
the rear axle is also subjected to an up and down motion, this being 
i*due to roughness of the road surfaces. In order to provide for this 
movement the yoke casting is hinged to tlie frame cross members. 
When this construction is followed there are three points where 
depreciation can exist. The points that will wear soonest are the 
supporting pins or bolts at the ends of the yoke nmlnber that fit 
the frame. These may wear enough so that there will be appreci¬ 
able lost motion, which means a rattling sound when the car is 
operated over any but the smoothest of roads. The remedy for 
this condition is a simple one, consisting only of replacing the 
worn pins and bushings in the yoke ends, if the construction per- 
•mits or of reaming o^at the holes larger and fitting pins to corre¬ 
spond. The joint where the yoke swivels on the torque tube is 
usually of larger size and is provided with a generous grease cup- 
While it is not apt to wear as quickly as the joints of lesser arecik 
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if lubrication has been neglected, it may be found that this joint 
will fit the housing tube loosely. The remedy is to smooth down the 
end of the housing tube after iuc joint is removed in order to se- 
eurc a round bearing and then to bore out the worn yoke and bush 
it with bronze or ca.st iron so tliat it will be a gooil fit on the; hous¬ 
ing tube. Any end play that may exist enn bo readily taken up 
by putting a light steel washer or a series of those jnembors between 
the thrust collar on the bousing tube and the yoke easting. In 



Fig. S67.—Defining Various Forms of Torque Members and Radius Bods. 


some cars it is possible to compensate for any end motion by sot¬ 
ting up an adjusting nut that keeps the yoke in place. 

In the system shown at Fig. 366, B, the push or thrust neces¬ 
sary to move the car, also the torque, is taken on a spherical or ball 
joifit. This construction is used on the Ford automobile and on a 
number of other more expensive ears. Despite the severe work this, 
type of joint is called upon to perform, it is not subject to undue 
depreciation, providing that lubrication is not neglected and that 
proper precautions are taken to keep the grit and dirt incidental 
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to use from accumulating: between the bearing surfaces. If there 
is any play in this form of joint it often can be compensated for by 
taking a little metal oiT tlie face of the flange of the ball joint 
(*ap wliifli permits of bringing it to bear more tightly against the 
bqll on the end of tin* torque tube. 

The system outlined at (’ is a popular one on many typos of 
ears. In tliis llio drh ing thrust is taken by tlie semi-elliptic springs, 
Avbile the tonjuc is resisted by a special lever securely clamped to 
tho difTerential liousing of the axle at its back end and cai*rying 
a small ball end wliieli is sus])endcd in a special shock absorbing 
fixture carried by l.lie frame oro.ss member. Tliis form is somctinios 
modified by having short radius rods to take the driving thrust 
as shown at 1), while tlie ;>raking an<l driving torque is resisted by 
a special arm. 'Die fli'xibility of the speeial hangers used for sup- 
I>orting tlie front end of the forrjue rod shown at C and B, is due 
to tho use of strong eoi! .springs whieh press agaiiist pails having 
semi-spherieal seats to fit the ball at tbe end of the torque rod. If 
1he.se springs woakiui in use, tlicrc may bo a certain amount of lost 
motion between the liall and it.s seating members which can in¬ 
variably be eorrecled liy screwing in an adjusting plug carried at 
the bottom of the tubular spring Jionsing. When radius rods are 
<*niployed, it is important to lest the.se for side sliukc wdien they are 
.supported by tbe axle or to test the small pins W'hen they are car- 
riisl by a binged member secured to the axle and often forming 
part of the spring pad or scut. Owing to tlie limited area of the 
pins that act as hinges at botli ends of the radius rods it is not 
iinu.sual to have these wear enough in a season to demand inspec¬ 
tion and attention. 

The method of supporting the axle end of a tubular torque 
member wlien a two iniiviirsal joint propeller shaft is used is clearly 
shown at Fig. 3(57, A, as will be observed, a retaining member is 
cast integral with the bevel pinion supporting casting. The tubu¬ 
lar torque member is a tight fit in the hole bored into this support 
and is held firmly in place by tightening the clamp bolts indicated. 
When overhauling a car it is well to examine this clamping bolt 
carefully to make sure that the. torque rod is securely held. In 
some cars, where the driving thrust is taken by the springs the 
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torque is taken by the universal joint. A construction of this kind 
is shown at Fig. 323, B. The usual construction is to have a square 
shaft projecting from the torque tube sufficiently long so it will fit 
the full length of the hub of the universal joint. Up and down 
movement of the rear'axlc is compensated for by the sliding of the 



Fig. 368.—Metbod of Snspondlng Torque Tube on leiS Bolck 

AntomobUes. 
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square shaft in the universal joint. This is a point that is very 
often neglected as regards lubrication, usually because it is inac¬ 
cessible in most cars. If the square shaft becomes worn there will 
be considerable last motion between it and the universal joint. If 
is often possible to secure a new universal joint member having a 
smaller square, and as the wear is seldom more than .010 inch it is 
often possible to save the old shaft by the loss expensive procedure 
of replacing the universal joint member rather than taking the 
entire rear eouslruction apart to use a new squared shaft. If the 
universal joint member is a steel drop foi'ging it is possible to lieat 
it up in a forge or brazing flame and then close it down around a 
sf|uare bar of the desired size. The worn end of the square shaft 
may be dressed down to fit the corresponding portion of the uni¬ 
versal joint member. 'Wlu-u overlmuling a car in whi(;h a torque 
tube is used care should be. taken to inspect tlie ixuiit where the 
torque tube joins the rear axle diiVerential housing to insure that 
the rivets are tight and there is no motion between the torque tube 
and its retaining iiiember. 

Tlie bearings at the front end of the torque tube are found to 
))e subject to more rapid w’ear wdien this construction is followed 
tlian when any one of tlie systems shown at Kig. 366 is used. If ad¬ 
justment means are provided the bearing depreciation may be taken 
care of by tigbteuing up the adjustments. If, however, a plain 
babbitt bearing or bronze bushing is used it will be necessary to ro- 
j)lace the defective member with a new one. The end of the torf^ue 
tube is often provided with a straight roller bearing. If there is 
much play, tlie bearing should be examined to see whether the 
rolls arc worn or if the lost motion is due to depreciation of the 
driving shaft or tlie roller bearing shell member carried by ths 
torque tube. 

The usual arrangement of a radius rod, w’hich may sometimes 
be arranged in .such a w'ay that it takes torque as well as driving 
thrust is show’n at Fig. 367, C. The hinged joint where deprecia¬ 
tion can be looked for when overhauling the car is clearly indi¬ 
cated & this illustration. On the Buick 1015 automobiles the end 
of the torque tube is attached to the gearset in a novel and effec¬ 
tive manner. In addition to tlie usual swinging joint between the 
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yoke member ami the end of the torque tube which takes care of 
the up and down motion of the wheels, the ends of the yokes are 
fastened to a ring member having four bearings equidistantly 
spaced at Fig. 368. Two of these hearings on a horizontal plane 
are used as a support or hinged joint to permit of up and down 
movement of the axle. Swaying from side to side is taken care of 
by the method of supporting the ring at the top and bottom by 
substantial cast arms, extending from the back end of the gear set. 
It will be apparent with this construction that (lepreeiaticn of th(! 
supporting pins of the ring may be compensated for to some ex¬ 
tent by removing the bearing caps and filing a little • off of their 
faces to permit them to be brought closer to the i)ins. Of course, 
it will be necessary to drill the holes out round and ream them to 
the proper size because tiic procioss of compensating for wear will 
tend to make the holes elliptical, instead of round. 

The constr\ietion of the universal joint used with this method of 
instalJatioji is clearly shown at the inset A which sliows the joint 
in part section. In addition to the torque and radius rods, all of 
the various members, such as rod ends on the brake rods and con¬ 
trol linkage should be looked over with a view’ of determining if 
any wear exists at the hearing pins. As no provision is made for 
adjustment at these points the only remedy is to drill the holes out 
larger in both the rod end and its supporting yoke and supply 
new pins of larger diameter that w’ill fit the holes without lost 
motion. 

Front Wheel Adjustment. —When cup and cone type ball or 
taper roller bearings arc employed, it is necc‘s.sary to adjust these 
very carefully to compensate for any lost motion that may exist in 
the assembly. The condition of the bearings may be ascertained 
without difficulty when these are used in the wheels by jacking up 
under the axle to relieve the wheel of the car weight and then by 
grasping the wheel rim at opposite points and shaking the wheel. 
Any looseness in the hearings can be detected by the lost motion 
between wheel hub and spindle. In taking up lost motion wlien 
any type of adjustable bearing is employed, considerable judgment 
must be exercised in screwing up on the adjusting member not to 
get this up too lightly and impose an injurious end pressure on 
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the balls or rollers (Fig. 369). An excess pressure that will stress 
the bearing parts dangerously will not make much difference in 
the wheel resistajice when turned by hand, though when the car 
weight must he sustained at high speeds or w’licu going around 
corners, the resistance 
will be increased ma- 
leriaily and hearing 
criduraiiee .reduced in 
])rox)orliou. A safe 
rule to follow is to take 
uj) the wear by screw”* 
ing in the adjustment 
nut enough so the 
“shake” or looseness 
will be eli ruinated and 
yet permit the wheel 
to “spin” for a few 
revolutions when given 
an initial impulse. 

Many motorists and in¬ 
experienced mechanics commit the error of adjusting bearings of 
the “take up” type too loosely. This is not desirable, any more 
than fitting parts too closely together is. Always lock the adjust- 
# ment nut ,firmly in place when proper adjustment has been 
secured. 

Muffler.Faults. —A part of the chassis that is often overlooked 
in the overhauling and one that has material influence on the power 
output of the motor is the device used for muffling tlie sound of the 
exhaust. The internal construction of mufflers varies widely, some 
consisting only of simple chambers connected together to form a 
labyrinth for the gas passage and reduce the noise by breaking up 
the volume and allowing tive gas to expand before it reaches the 
air to more complicated forms having a large number of baffle 
plates or partition walls pierced with numerous small boles. The 
most effective and silent typo of muffler is generally'the one that 
will give trouble first. Ft is important, therefore, to take the 
muffler apart and clean out all a(jcumulations of soot or burnt oil 



rig. 369.—^Front Hull Showing Nut Adjusted 
Clip and Cone Type Ball Bearing. 
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that may clog up the gas i)a8sages. Mufflers arc easily taken apart, 
usually being lield together by Mng through bolts in those forma 
where the muffler consists of a number of cylindrical shells of vary¬ 
ing diameter neld between cast end plates used to support the 
shell. Even in forms where a large number of oliambers are pro- 
^•idod, those being adjacent, the innfflor is held together by bolts or 
liy being assembled on a eentral member usually a continuation 
cl' the exhaust pipe. After the muffler is taken apart all carbon 
and burnt oil residue should ])e serai)ed (»ff and all the paids of the 
muffler thoroughly cleaned with kerosene before reassembling. It 
is also well to go over all the hohs designed to break up the gas 
with a sharp i)unch or fine tajier reamer to make sure that these 
have not been r(‘duced to less dianutor than they should bo by ac¬ 
cumulations of burnt oil or carbon. 

Chassis Lubrication.—A very important ])oint that is some 
times overlook<*d after a ear has boon overhauled is pro])er lubri. 
cation of the chassis. A typical six cylinder chassis of the Loco* 
mobile design is (jutlined at Fig. JITO, with all points needing lubri¬ 
cation clearly outlined. Practically all of the chassis parts are lu¬ 
bricated through tlie medium of grease cups wJiich are indicated 
by a circle with the numbers in it, the mimbers ranging from 1 to 
32 inclusive, beginning at the bottom of the diagram and running 
to the top. It is important to go over all the grease cups when a 
chassis has been overhauled ajid make sure that they are filled with 
a good grade of grease of suitable density which must resist the 
action of wnler and contain no acid. Grease cups Nos. 3, 4, 5, 6, 
21, 22, 27, and 28 are very iinpoi’tant and shoui l receive attention 
every day that tlio car is in use. Graphite grease is recommended 
for these points. In addition to the grease cups there arc a num¬ 
ber of oiling plugs which are indicated at black squares and a let¬ 
ter. Beginning at tlic bottom of the diagram, oil ping A should 
be removed to .supply oil to the timing gear, ft is said tliat one and 
ono-holf pints of oil arc necessary every 500 miles. The magneto 
drive coupling B should bo filled with grease. G is the ping through 
which gir^ase is introduced to the steering worm gear case. New 
grease should be sui>i)Iiod wdien overhauling, then the operator 
should l)e cautioned to replenish the suonlv every 1^0 miles. D, 
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indicates the oil opening for filling the oil pump gear casing with 
grease. 

The disc clutch housing is provided with oil plug E. The 
makers of the car illustrated recommend that this plug be removed 
at the end of every 1,500 miles and the clutch case turned over ^ 
until the old oil runs out. The interior of the clutch casing should 
then be washed carefully with gasoline and refilled with new lubri¬ 
cant. This may be a mixture of one-fourth pint of spindle oil and 
one-fourth pint of kerasepe or a mixture of one-third pint of kero¬ 
sene and one-sixth pint of three-in-one oil. It is stated that these 
proportions and quantities are important. The transmission gear 
case is filled through oil plug F. The gear case should be lubri¬ 
cated with some good quality non-acid grease of about the con¬ 
sistency of vaseline. It is stated that lbs. of grease are needed ^ 
to refill an empty transmission case after ovorhauliug. The bevel 
gear housing at the rear axle is provided with a plug G, through 
which grease can be introduced to lubricate the bevel drive gear¬ 
ing. It is recommended that this be thoroughly washed out dur¬ 
ing the overhauling process even if the rear axle is not taken 
apart. It takes one quart of grease to fill this bousing to the 
proper point. The oil plugs H and I indicate minor driving coup¬ 
lings, which do not require attention very often, inasmuch as the 
makers advise filling with grease every 5000 miles. It is also 
necessary to keep the interior of the wheel hubs filled with suitable ^ 
grease. 

Among the minor points that need lubrication are the fan bear¬ 
ings, which may be packed with gear grease at the time of the 
yearly overhauling. There are a number of minor points indicated 
by round black dots that are oiled with a hand oil can or syringe 
by means of oil cups and oil holes. The most important of these 
are as follows: Starting crank, oil every week. Magneto, few drops 
every 2000 to 2500 miles. Foot pedal shaft bearings, oil copiously 
every month. Steering column, squirt plenty of oil through the 
hole ill the steering column every week. Oil also the fixed ends* 
of the spark and gas lever. Hand lever shaft hearings, Rubricate 
every week. Brake shaft bearings, oil about every 2000 miles. 
Dynamo hearings, forty drops every 100 TniVs. Steering univer.snl 
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joints, indicated by the letters B, J, remove the leather boots and 
pack with good graphite grease every 1000 miles. The universal 
joints on the propeller 
shaft, which are indi- 
• eated by the letters U J 
and H J, should bo in¬ 
spected, cleaned and 
packed with grease 
about once a sea^m. 

Care should be taken 
to make sure that the 
f)o\ver plant also has 
the proper grade and 
([uantity of lubricant 
before the car is per¬ 
mitted to leave the 
shop. Most cars em¬ 
ploy constant level splash systems, whicli have boon previously de¬ 
scribed, the only precaution is to make sure that the oil is at the 
proper level in the engine crank case. The strainer screen that 
filters the oil before it goes into the pump sliould bo cleaned every 
week, and it is recommended that after 1000 miles road service that 
the old oil be draiued out of the engine base. 

'^Locating Acetylene Oas Leak.—Before the general adoption 
of electric lighting practically all automobiles were supplied with 
acetylene gas burning head lights, the gas supply being from a car¬ 
bide generator, Prest-o-lite or similar tank. In many cases trouble 
is experienced through leakage of the gas which escapes from mi¬ 
nute leaks in the gas line, which usually consists of copper tubes 
running in the frame channel and connected to the gas tank and 
lamps with flexible rubber tubes. While the overhauling process 
is being carried on, it is well to test the pipe lines to sec if there 
are any leaks in order to replace the copper tubes with new ones 
should they have chafed from contact with a frame member or 
loose clip or if a seam has opened up with vibration. A very sim¬ 
ple method of determining whether there is a leak or not shown 
at Fig. 371, was described in the Automobile. The apparatus con- 



rig. 371.—^Metbod of Testing Acetylene Gas 
Piping for l«eakage. 
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sists of three pieces of rubber tubing, a three way pipe connection 
and a glass U tube. The burners of the acetylene lights arc re¬ 
moved and the ends of tlic rubber tubes are placed over the pro¬ 
jecting pipes as shown in the illustiation. The valve on the gas 
tank should be closed while this is being done. Water is now placi'd^ 
in the U tube but not cnongli to completely fill it. The Jieedh* valvt- 
on the gas tank is slowly opened until the water in one arm of the 
U tube is lifted higher than that in the other because of the gas 
pressure. The valve is then closed and the water level in the V 
tube watched. If woiter dro^is to the same level iu botli branches 
there is a leak. A leak may be found by going over all the pipes 
with oil or a thick soap-suds solution, taking especial care to eovi r 
those portions of the pip<*y that are resting against the frame jiieiu- 
bers and also all the soldered joints. The escaping gas will eauvv 
the soapy solution or the oil to bubhlt at the point where it escapes. 
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T^pjir AnU- \oiin*iicIn<nrp—Scnii-Floiitinjr A\lc*!*—Thn‘i« Quaiirr Fln.itinj; AxIor 
—I'dII ritKitin^' TyppH—Tnkiii;? Itoar Axlo Apiui—A(ljui<tiii^ Bovpl Drive 
IJrais—\\’(»nn snid Spiral Jlvvol Drive <iears—^’rwn-S[M*e<l AxI«‘h—D ouble 
Jlediiotioii Axlex—liiloninl (Jear Drive—J'uur Wheel Drive--Spur ami 
lievel liear DilVereiilial—Chain Dti\e 'I'l’onhles—'rrnsiin;; Wt'iik Axle 
llnii.iMj;K—A\ie Jaihriealiini—Dil iJetaiiiinji Me:ins--r.Njie.s of V\'e Dear* 
jiiHsi-.('ine and Adjii.stnient »»[ A.vle Dearinsj-i—Diake rorjiis and A<1* 
j.islliieiil. 


0\viN(i tJ) Hh' {i(lYjinci*s that have heoii made in luotalhirjry and 
a laoi’u api)r(M*iatioii ol’ principles of ih'siirri by engineers, 

I he roar axle is a part ol! llic ear that sehUnu pLves trouble ,in(l 
which usually 7U‘e(ls alleiiiion only wheu the ear is thoroughly over¬ 
hauled. Vei-y few niolor ear maiiufaelurers build their own rear 
axles and most of those nse<l are the imKluet of specialists who 
^luakc iiotiiiug hut fitiiit and rear axles, Tiie result of this con- 
eeiitration uj)oii one produet means that the various details of pro¬ 
portion pf parts have received careful attention which lias been 
based on a wide experience. The material best adapted for the 
various parts have been carefully determined and practically the 
only condition that interferes with proper rear axle operation, bar¬ 
ring occasional accidents, arc those due to natural wear. Before 
describing the method of taking down rear axles it may be well 
for the reader to become familiar with tlie different axle types and 
their method of construction. The designs used vary widely. In 
j^omc types it is possible to get at all the essential parts in a rela¬ 
tively short time without removing tlie rear construction from the 
chassis. In other forms it is necessary to take tliem completely 
apart' before access may be had to the differential gears or the 
^\le shafts and their supporting bearings. 
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Rear Axle Nomenclature.—The various types of axles that 
have been used in automobile construction as defined by the chief 
engineer of the Weston-Mott Company, one of the largest axle 
manufacturers in the world, are illustrated at Fig. 372, This 
shows the four main classes of axles, wliic.h are termed semi-float¬ 
ing, three-quarter, seven-eighths and full floating types, these being^ 
designated by the letters A, B, 0, D, respectively. "While the illus¬ 
trations are self explanatory to one well versed in automobile con¬ 
struction it may be well to describe the various types in detail for 
the benefit of those who have not had occasion to take all the 
various typos apart. On the semi-floating axle, as shown at A, the 
entire weight of the car comes upon the axle shafts which also are 
d(;peiuled on to transmit the power from the dift’erential gearing 
to the wheel hubs. It i.s said that in time this M’onld have a ten-j 
dency to cause the shafts to crystallize and break unless great care 
is taken in proportioning the shafts so strong that they will resist 
the stresses imposed upon them. This type of axle is not generally 
recognized as the semi-floating form as most engineers call it a 
non-floating live axle. Tlie reason for this is that the axle shaft 
does not even partially fl(»at as it is held in the hub of one of the 
differential b(*vel gears by threaded v(;tention mem)»ers. In order 
to bo a semi-floating axle it would he necessary to utilize a bearing 
typo at the wliecl end tliat would take end tlirust and keep the 
wheel .shaft in place while the part of the axle that projected into^ 
tlie dificrcntial would not be. hold hy any threaded nut. 

A true smui-lloating axle siiould bo of such form that ithe axle 
may he readily witlidruwii without necessitating the complete dis¬ 
assembly of the rear construction. The axle shown is semi-floating 
to a degree, however, because the differential gear is carried by 
bearings which are outside of the differential case bosses instead of 
bearing directly on the axle shaft, as is the case with light axles 
of such cars as tfie Ford. The three-quarter floating axle shown 
at B is a design in which the axle shaft is subjected only to tor¬ 
sional strains or to a twisting action due to the power applied to^ 
drive the car. The wheel bearing is mounted on the axle housing 
instead of inside of that member as shown at A. This brings the 
strain due to the weight of the car on the non-rotating axle hous- 




Fig. 372.—^Defining Principal Types of Weston-Mott Bear Axle 

Construction. 

ing instead of on the shaft ns in the t3TG shown at A. The type 
shown at 0^ which is termed the seven-eightfis floating by some 
engineers and which is called a single bearing full floating hub 
by others, has many of the advantages of the three-quarter floating 
construction in that the drive axle tends to steady the wheel and 
also has the advantage of the full-floating type in that the wheel 
may be removed from the rear construction without taking the 
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housing apart. Tlie aJsU* sliaft may bo withdrawn from tlio differ¬ 
ential, wliieli is not possible in the form shown at A and B where 
the end of tiic axle is seeurcly relainod inside of one of the differ¬ 
ential bevel gears by a nut. 

The standard full floating type of axle, which is showui at I), 
does not depend on tlio driving shaft to steady the wheel, which is 
held against side movement by spacing the wheel hub bearings on 
each side of tJie spoke center line. The advantage of the full- 
floatiiig type of axle is that the driving shaft may be withdi'awn 
without disturbing tlie wheels oi‘ jacking up the axU* and tiie dif¬ 
ferential gearing may bo removed from tlie rear construction by 
partially withdrawing the drive shafts and not rcijniring jacking 
up the axle inasmuch as the ^vheels still support the load. 

Semi-Floating Axles.—The diffeivnee betvveen the. semi-float¬ 
ing and thrcc-(iiiartor floating axles may be readily nmh*rstood by 
referring to the scetioiial vie\v.s at Fig. 373. The comjdete as¬ 
sembly of the differential and driving gears witli oJi*’ of the axh' 
shafts of a Weston-.Mott threc-(|uarler floating rear axle is .shown 
at A, while a similar sectional view of the Ueo axle is shown at 
B. The senii-floatiiig'axle used on some typc;» of PiercoArrow cars 
is shown at Fig. 37-t. It will be observed that in tin; lh;o con¬ 
struction the axle shaft must transmit the i)ower and also sup]>ort 
the portion of the weight of the car that comes on the rear wheel 
it carries. Beginning with the universal joint on the drive shaft, 
the power is trausmilled through tlie pinion shaft to the bevd 
pinion which iii turn imparts its motion to the ring gear or master 
gear riveted to the differential case. Wlieii the car ia traveling 
straight ahead the ix)wer is transmitted directly to the two dif¬ 
ferential gears which are fastened to the axle shaft by keys and 
taper retaining pins and wliich turn the wheels forced onto the 
keys on the tapered outer axle end. Wlien the car turns a corner 
the outer wheel travels faster than the other, suitable compensa¬ 
tion for the difference in speed being made by the differential gears 
and pinions. As will be apparent the pinion shaft is carried by 
taper roller beatings as is Uic differential assembly. The axle is 
supported at the wheel end by a Hyatt, high duty type roller 
bearing. 
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Fig. 373.—Three-Quarter Floating Axle at A, Beo Semi-Tloatiug 

Axle at B. 


There are two adjustments on this axle, one that allows the 
movement of tlie differential gearing so the ring gear may be 
brought into closer mesh with the bevel pinion, wlien'depreciation 
occurs, or in the initial adjustment when the axle is assembled. 
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The other is the adjustment of the bevel pinion so this also may 
be brought into closer relation with the bevel gear. The former 
is adjusted by removing the rear of the axle housing and turning 
the threaded rings that bear against the inner races of the tapered 
roller bearings at each side of the differential gear. It will be 
apparent that as one bearing adjustment is turned to push the 
bearing inner race away from the differential that the other must 
be turned in toward the differential to i)ermit the other bearing 
inner race to move along its supporting boss. The bevel pinion is 
adjusted by turning on the sleeve S which moves the pinion shaft 
and its bearing as a unit. Tlie bearing ailjustinent is obtained by 
slowly rotating the adjusting member P Jis desired. By shifting 
the big gear endwise, which means that the entire differential must 
be moved from one side to the otlier aiid the driving pinion in 
and opt, it is not difficult to obtain correct alignment of the drive 
gearing. It is well to have a slight amount of back lash between 
the teeth of the gears, the airiounl allowed being about .004 to .008 
inch. The position of the driving pinion and gear relative to each 
other is very important. Noisy gears arc the result of the pinion 
and gear not being in correct mesh. It lias been found that if the 
gears are out of position more than 1 lOOtli inch (.01") that the 
gears will be noisy in action. Tlie exact adjustment can best be 
determined by trial, it being eousidered more desirable to have 
acme back lash in the gears rather than have them fit too tightly. 

In taking a semi-floaling axle ai>arl. when of the type shown at 
Pig. 373, B, the first step is to remove it from the chassis, support 
it by suitable trestles, and then to pull off the wheels from the 
taper wheel seats. This is done by unscrewing the W'hecl retaining 
nut on the threaded axle end and tlien knocking the wheel off 
the axle shaft or pulling it off with a properly designed wheel 
puller, as shown in Chapter.II. or in Pigs. 353 and 363 herewith. 
The next step is to release the axle housing lube from the sides of, 
the differential housing by unscrewing the nuts that hold the fiauges 
on. the axle tubes from the studs attached to the differential hous¬ 
ing. The axle housing may then be easily withdrawn over the axle 
after the trheel driving keys have been removed from the taper 
wheel seats. This leaves the differential mechanism in place in the 
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rig. 374.—Sectional View, Showing Construction of Plerce-Aiiow 

Semi-Floating Axle. 


which enables the operator to draw the axle shaft out of the differ¬ 
ential assembly. After the two shafts have been withdrawn the 
differential parts may be easily removed through an opening left 
by taking off the differential housing cover plate. To take the semi¬ 
floating axle shown at Fig. 374 apart it is necessary to remove the 
wheels and part the differential housing on the center line divid¬ 
ing that member into two symmetrical halves. Before this can be 
done the pinion drive shaft carrier must be removed and the bolts 
holding the halves of the differential housing together must be un- 
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Full Floauny Axle 
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screwed. In this construction, half of the differential liousing and 
tlie live axle sliaft Jiousing conic off uh a unit. 

Three-Quarter Floating Axles.—The tlirec-quurtcr tloating 
axle, such as shown at Fig. 373, A, and Fig. 375, cannot be taken 
^part until tlie wlieels have been removed from the axle shaft. 
Here ngaiii it is nec(‘Ksary to lake the pinion drive shaft off before 
the differential housing can he split vertically in the axle shown 
at A. In tliat sluuxn at Fig. 375, it is not necessary to take the 
rear construction ajiart as the differential may buTcmoved from the 
housing by taking off an exceptionally largo cover plate. It is 
necessary to lake the wheels off however, in order to permit tlio 
withdrawal of the axle shafts. The gears arc meshed in the form 
sliown at 373, A, by a simple adjustment member which moves the 
ijtinion drive sliaft back and fortli in its supporting housing until 
the proper degr«'e of engagement wit^thc ring gear is obtained. 
More detailed instructions for adjusting various forms of bevel 
driving gears will be given in proper sequence. 

Full Floating Axle. —The eonstructiou of a full floating axle 
usi*d on some Overland models is shown at Fig. 376. In order to 
withdraw an axle sliaft it is only necessary to unscrew the hub cap 
and pull the driving end of the shaft out of the slots in the wheel 
liub into which it fits. The driving end of the axle sliaft is provided 
with a driving clutch member that is inlondod to fit into depres- 
isions milled into the w'hecl liub. Sometimes the driving cluttdi will 
get loose in the wheel hub owing to depreciation of the clutch 
teeth or the slots in which they engage. If the wear is not too 
great comiiensatioii for the looseness may be made by heating, up 
the ends of the cluteh tei^tli aud hammering them out so that they 
will be even wider than the slots, tlien filing them to fit. After 
the axle shafts are willulrawn if one desires to remove tlie wheel 
this may be easily accomplished by unscrewing the locking nut 
that keeps the bearings in place on the axle tube. The wheel may 
then be ■withdrawn with its supporting beariugs. To remove a dif- 
iferential gear assembly, one must first withdraw the axle sliaft 
comidetely out of the interior of the differential gearing which is 
easily accomplished because of the squared ends which fit broached 
holes in the differential bevel gears and then ndoasiug the differ- 




Fig. 376.—Fart Bactional View Showing Overland Full Floating Bear Axle. 
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ential bearing holding caps by unscrewing the retaining nuts or 
cap screws. The differential may then be removed from the dilfer- 
tiul housing as a unit with its supporting bearings. In this con¬ 
struction it is not ncce.ssary to readjust the bevel gearing because 
the adjustment need not be disturbed when the. differential assem¬ 
bly is removed. This is a marked advantage of the full floating 
axle design over the semi- and three-quarter floating forms shown 
at Fig. (173. 

Taking Rear Axle Apart.—The parts eomprising a typical live 
axle of tlu* iioii-Hoating form are shown at Fig. 377. As w'ill be 
observed the main portions of tlio rear couslvnction are three hous¬ 
ings. One of these is lermed the left half driving gear housing, 
tlie oilier the right lialf. Attadied to these memliers arc the axle 
lubes wJiieh carry the brake assembly at the outer end and a spring 
seat between the driving gear housing and the brake carrying 
plate. Each of the axle housings is%eally comprised of three mem¬ 
bers, two of these being malleable iron or semi-steel eastings joined 
together by a length of .seamless steel tubing to which they are, 
securely attached by riv(?ting and brazing. The propeller shaft 
which carries tlie driving pinion is mounted in a separate housing 
member which lias a flange at its lowiir end by wdiich it may be 
bolted to the differential housing when the two halves comprising 
that member are bolted together. The a.\le drive shafts are shown 
attached to the difl'erential gears. The parts comprising the dif¬ 
ferential assmuhly arc sho\\Ti at the lower right hand corner of the 
illustration, the brake bands and spring seat are shown at the left 
hand corner. 

In order to understand the method of taking the rear construc¬ 
tion apajt, the method followed in dismantling the Locomobile axle 
is shown at Pig. 378. AVliile this member has the advantages of 
the full floating type in pcrniilling tlie removal of the wheel drive 
’ shaft or wheels when necessary, the ditferential gearing cannot be 
removed without taking the differential housing apart. The ap¬ 
pearance of the rear construction after the wheel bearings, spring 
seats, and brake carrying castings have been removed from the 
live axle housing is shown at A. The first step is to remove the 
nuts from the studs on the sides of the pinion carrier and the bolts 
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Fig 377 —Parts Comprising Early Buick Kon Floating Azie. 
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passing through ^ho remainder of the bosses. This permits one 
to pull the halves of tljc differential housing apart, exposing the 
differential gearing as shown at Fig. 378, B. The bevel drive 
pinion assembly or third member is held in place by three studs 
in a snitaltle extension from tlie differential housing and may be 
ri'inovotl from that monibor as a unit by removing three nuts and 
M'ithdrnwing it from tiu* case. 

TJu! ])arts comj^rising tlie differential gear, whicli is of the bevel 
gear and piiiinn type are clearly shown at Fig. 378, C. The dif- 
feivTilial easing willi the ring gear removed is shown at 5. As 
viil be apparent the casing is eomimsed of two halves 1 and 4, 
tlie.se being held togetlier by throiigli bolts passing through the 
flanges of the case casting. Each flange has four notches of seini- 
cyliiidrical foriii nnicliined therein, the.se to iTlain the extension 
from the differential spider on which the pinioas revolve as siiowii 
it 2. TJie spider and pinion assembly in place in nnedialf of the 
differential easing is shown at 4. The sjuder willi the bevel pinion 
and the fae(; gears oin])loyed to drive the live axle shafts in the 
relation they occupy in.sidc of the differential is clearly showm at 3. 
The points most subject to wear are the bushing.s in the differential 
pillions which arc \i8ually Of bronze and which may be driven out 
and replaced by new ones and the bushings in the differential case 
Imbs that are enijiloyed to support the bevel differential or face 
gears. If the supporting pins on which the pinions revolve which 
are part of the differential spider are worn, a new spider member 
must be substituted for the defective one. But little wear will be 
found in the teeth of the bevel pinion differential as these are 
usually a substantial form and because the gearing is thoroughly 
lubi’icated at all times. Obviously the process of reassembling the 
axle is the reverse to that of dismantling it. 

Adjusting Bevel Drive Gear.—Bevel drive gearing is sup 
ported on two types of bearings, both belonging io the anti-fric¬ 
tion class. The type of bearing used for supporting the bevel drive 
pinion abaft and the differential assembly determines the method 
of adjustment provided to a large extent. The bevel drive gear 
assembly shown at Fig. 379, A, is that used on the Hudson Model 
37, and is similar in design to that employed on many other cars. 



Adjusting Driving Gears 





Fig. 378.—Defining Construction of Bevel Pinion Differential Gearing. 


In this constrnction t«j)er roller bearings are used throughout. 
Following commoii practica in full floating axles the differential 
gear and the pillion drive shaft are supiiortcd by a common easting 
in order to obtain correct alignment more easily. The pinion drive 
shaft is supported by two taper roller bearings, one being placed 
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immediately back of the drive pinion while the other is used at the 
flipper end of the Tiinion shaft as a steadying member. The lower 

a • 

bearing is mounted in a (lirtiaded adjustment member but the 
•upper bearing scats against a shoulder in tlie pinion drive shaft 
^Mousing. In order to mesh the pinion deeper with the ring gear it 
'% necessary to release tlie adjustment lock that keeps the threaded 
,iadjiistmcnt from turning and also to back oif the adjusting nut 
!for the upper bearing. After tlie threaded adjustment meiubor has 



I Fig. 379.—Sectional Diagrams of Bevel Drive Gears, Showing Method 
I of Adjusting the Gearing. 


been screwed in or out to secure the proper meshing of the ring 
gear and after it is securely locked in place by screwing the ad- 
justment lock back into one of the slots made to receive it, the 
[upper roller hearings should be earcfuUy adjusted by screwing the 
adjusting nut against the spacer member, this pulling the inner 
race of the lower roller bearing firmly against llie outer member 
and in turn seating the outer race firmly in the threaded adjust- 
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inont mcTnbor. The adjustment is eoiisidered complete when tJiere 
is ahsolntoly no up and down motion to the pinion drive shaft and 
when no apprccia])lc elVort is needed to n^volve it and the diffoven- 
tial gear wliou the wheel drive shafts are pulled clear of the dif¬ 
ferential gear interior. 

The adjustment of the differenlial gearing and the ring gear is 
aee<'mp]ishcHl hy thresuled adjustment rings or nuts which hear 
against tlu? inner race <»!' the taper rolh'r hearings eTnj)loycd in 
supporting the dillVreiitial, TIh'so adjusting nuts arC provided 

lellu^ Tn cl ^ 11 ‘ |uniHd and which also 
serve to receive the longue of the adjustment lock memhor. To 
move the dilVerential goariug it is necessary to first I’clease the ad¬ 
justment. locks and then to turn one Ihrearled adjiustmeut nut in 
and the other out uutil llie pro|ter degree of engagement of the 
gears is seenri‘d. Vor e\am|)le, in the gearing shown at A, if it 
is desired to mesh the ring gear more tleofily with the drive pinion 
the adjustment on the right would he slacked oil or screwed in 
toward (lu* difi'ei'imtial a certain numher of turns, or such imrtion 
of a revolution as would he necessary to hj-ing the gears closer to¬ 
gether while the adjusting nut on llie left is screwed away from 
the difiVrential tlie same numher of turns in order to keep the roller 
h(‘arings on hotli sides in ]>roper relation. There should he ab¬ 
solutely no hack lash in the tapin’ roller bearings uor lateral move¬ 
ment of the dill'erential gear asscnnhly. At tlic .same time the gear¬ 
ing should 1)0 turned withotit ai>preciablc eifort when the pinion 
drive shaft is rotated liy hand. 

The seelional view of the bevel drive gearing - of the 1014 Loco¬ 
mobile is shown at Fig. 370, IL Tliis is similar iji construction to 
that previously described except that ball bearings are usiid i?i- 
stead of the taper roller form. The i)iiiion shaft assembly is car¬ 
ried by two single row railiul bearings and one ball thrust waslier, 
the whole being mounted in a carrier member which may be screwed 
in or out of the housing to seenro proper gear engagement. The 
differential gearing is not adjustable sideways as it is believed that 
the necessary adjustments can be made by moving the pinion shaft 
carrier in and out of the differential housing. It will be observed 
that the ring gear side of the differential is supported by a radial 
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bearing and a ball thrust bearing. This is because the action of 
the inclined bevel gear teeth produces a certain end tlirust which 
tends to'move the differential assembly to the left, this end thrust 
being resisted by the balj, bearing especially fitted for that purpose. 
A radial bearing is used on the right hand side of the differential 
casing, this carrying a radial load only. Whenever an adjustment 
has been altered it is important to make sure and lock it firmly into 
its new position by the means provided for that purpose. In most 
cases these arc readily apparent upon inspection. 

The adjustment of the large bevel gear in the Overland rear 
axle shown at Fig. 375, requires careful attention to details to ac¬ 
complish successfully. Take tlie cover from the differential hous¬ 
ing by removing the cap screws by which it is retained. Itemovo 
the thrust bearing adjustment lock on the sid(t toward which the 
differential is to be moved with a screw driver and turn the ad¬ 
justing cup of the thrust bearing in the same direction. These 
various parts are plainly identified by suitable lettering on the 
illustration. Next loosen the two screws which hold the split dif¬ 
ferential adjusting collar until that member may be turned in the 
desired direction. Moving the collar on one side of the differential 
mak(.*s it necessary to adjust the one on the opposite side accord¬ 
ingly, both axle ends having right hand threads. When the proper 
meshing of the gears is obtained, tighten both collars and follow 
this by bringing the thrust bearings close to the adjusting collars. 
Be sure to tighten all screws and to replace the small locks which 
keep the cups from tuming after adjustment has been made. 

To remove the axle shafts it is necc-ssary to loosen the screws of 
the differential adjusting collar until the threaded portions of the 
shaft may be witlidrawn through the collar. To remove the differ¬ 
ential gear it is necessary to withdraw the axle shafts first, then 
to remove the roller bearing retention caps. The differential may 
then'be lifted out of its housing* When reassembling, it is impera¬ 
tive to mesh the bevel gears correctly and to adjust the ball thrust 
bearings properly, taking care not to get these too tight against 
the differential adjustment collars. If the axle leaks oil it is neces¬ 
sary to renew the grease retaining felt washer. 

All differentials and driving gear a^emblies are not capable of 
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The sanic is tru«* oC tlio assembly shown ut C. In this roller bcar- 
iiijrs are used to suj)port the differential while ball thrust bearitit^s 
are depeiidod .on to take the end thrust on tlie wheels as well as 
that produeed by the bevel gears. \Mien tliese axles arc taken 
apart there i.s only one way in which they cun be reassembled as 
far as replacing the bearings is eoneeriied, although on many types 
in which .symmetrical axle housings are us(*d it is possible to rcj)lace 
the differential assembly so the master gear will be on the wrong 
side of the pinion. This will result in the n'ar wheels turning 
backward whmx the forward speed ratios are engaged and of turn¬ 
ing forward when the reverse gears are in mesh in the transmis- 
su»n. The hevi'l gear in the a.sscmhly shown at 0, is on tlio riglit 
side of the pinion for engines as ordinarily coustnicted. that is, 
those turning elookwise. In the assembly .shown at I>, tlie differ- 
"‘ntiul is placed in such a way that if used with au engine turning 
clockwise the drive will ho reversed w'hcn tlie forward ratios of the 
goarset are engaged. Care shoid<l always ])c tak<‘n whmi an axle 
is dismantled to notice the relation of tlie part,« before they arc 
taken. o\it to make sure that tlii*v are replaced correctly. 

« A 

111 some cases double reduction gearing is used in the roar axle. 
This is employed in gasoliin; coinmerciai vehicles and some electric 
pleasure* cars. The roar construction shown at Fig. 1180, is that 
used on tlio Axitooar trucks and coinhines spur and bevel gears in 
such a manner that two reductions of speed are (obtained in the axle 
housing il.self. , On the end of the drive shaft a bevel pinion is car¬ 
ried which meshes with the ring gear which instead of being at¬ 
tached directly to the differential as in the conventional construc¬ 
tion, ivS employed to turn a countershaft on which a spur ]>inioii 
is mounted. A sjun’ gear is secured to the dilTeroutial and mo.shes 
with the spur pinion on the cross shaft. A ]xriinary reduction is 
obtained between the bevel pinion and gear, the second reduction 
of speed being scoured between the small spur pinion on tlie cross 
ishaft and the large spur gear attached to tlie differential. A dif¬ 
ferential cross is carried in the interior of tlie differential case and 
the bov(d pinions of the differential revolve upon the arms of this 
eross. Tlio gears in the interior of the differential are carrie<l in the 
differential ease by means of bronze bushing and the hole thi*ough 
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l!io Ctrl's is liroaf'hcd to fit tho iiiiur ends of tJie wheel driving’ 
i^xle. It is not cliinealt to remove the differential assembly from 
the axle as the top portion carrying the bevel drive gears in the 
first reduotion countershaft may be lifted off of the differential 
^ housing after the driving shaft is disconnected, and then'the dif¬ 
ferential gear assembly can be lifted out of tlio housing member 
in llie same manner as described for the full floating single re- 
dnclion axles. 

Worm and Spiral Bevel Drive.—Tn an endeavor to secure-(iiiiet 
oi>era1iou while rniuiing, whieli is not always jiossiblo with the 



rig. 381.—Outlining Construction of Spiral Bevel Drive Clearing at A 

and Worm Drive Gearing at B. 


straight type of bevel gears, a number of automobile designers bave 
adopted the spiral bevel drive gear which is shown at Fig. 381, A, 
for pleasure car sendee and the worm gearing shown at B for com¬ 
mercial vehicles. The advantages of the spiral bevel gear are 
4 mainly due to the shape of the teeth which roll into engagement 
more smoothly than the ordinary, form of bevel gears. It is stated 
that with spiral bevel driving gears the gears need not be meshed 
as accurately as with the straight* gears to secure quiet operation^ 
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The same rules that have been previously given for adjusting 

Straight hovel gears apply just as veil to the spiral bevel form. 

The worm drive axle as usually constructed is so devised that 
the initial adjustment provided at the factory by careful machining 
of parts is never disturbed except through wear. If an adjustment 
is provided on either side of the differential assembly to which the 
worm gear is fastened, great care* must be taken to line up the gear¬ 
ing in such a way that the center line of the driving worm will 
coincide accurately with that of the worm gear. In taking down a 
worm drive axle it is necessary to examine the condition of the ball 
thrust bearing carefully and to make sure that all parts of this 
member are clean and in good condition. Very large thrust loads 
are imposed on the supporting bearings of both worm and worm 
gears so it is iuiportant to always adjust these members so that they 
can take this thrust load and make sure that the single row radial 
bearings are not subjected to any end thrust. In the best designs 
of worm drive axles, the worm gearing is carried by a supporting 
casting which permits of careful alignment before assembling into 
the axle housing. The wodii gear is usuall}' made of liard bronze 
while the driving worm is of hardened steel. If lubrication has 
been neglected or if oil of in-siiffieicnt l>ody has been used, most of 
the wear will be found on the tooth of ilie worm gears. There is 
no compensation possible for reduction iji tooth size other than re¬ 
placing the worn gear with a new one. 

Two Speed Axles. —The repairman is apt to encounter rear 
axles in which two sets of bevel driving gears are used in order to 
provide two speeds in the axle itself. That shown at Fig. 382, A, 
was used on lOH Cadillac cars while that shown at II is the Austin 
design and has been used for several years on cars of that make. 
The construction of the ('adillac two speed rear axle, which was 
made by the Timken Axle Company, is shown at A. The power is 
transmitted from the drive shaft of the gear set in the usual man¬ 
ner tlirough either of the bevel gear sets A and B or C,and D. With 
the inner set the ratio is 3.66 to 1 on the high gear while with the, 
outer sets the ratio is 2.5 to 1. J'he two large bevel gears B and 
C are riveted to the differential gear housing, though one of the 
pinions A and D that drive thenl is always loose on the drive shaft. 




Fig. 382.—Examples of Two Speed Bear Axle. A—Cadillac 1914. 

B—Tte Austin Construction. 

Pinion A is carried by roller bearings while pinion B revolves on 
Timken roller bearings carried by the casing. A sliding dog clutch 
member B may be employed to clutch either clutch teeth P which 
drive bevel pinion A or clutch teeth G which drive bevel pinion 
D. The sliding clutch is operated by the shifting rod H which is 
magnetically operated and which is locked in either position by 
the spring J. 
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The construction of the Austin axle is somewhat different as in 
tiiis design two sots of cluicbes are used, one working on the dif- 
icreiitial. while the other works on the drive shaft. To drive the 
ear with the larger bevel gears the clutch member on the drive 
shaft is engaged with the dog cUitcli attached to tin* sleeve to wliieli 
the larger bevel driving i»iiiion is attached. Movement of this 
chiteli simultaneously operates that on the ditYeroiitial case e.xten- 
siou so the smaller of the bevel ring g«*ars is disengagejl. The drive 
is then through the large bevel pinion and Ihe large ring gear. To 
obtain the other gear ratio the oluteh on 1iie driving .slian is shifted 
out of engagement while that on the differential ease is shifted into 
plac(‘ inside of the smaller of the two bevel driving gt‘ars. When 
this is done liic small driving gear is etmpled to tin* differential cas¬ 
ings by means of the eiiiteh and is driviUi i'jMin the small bevel 
])jjiion on tin* tlrive sliaft. Tile largo bevi-1 g»‘ai‘ wliieli is attached 
to the differential rev<.lves the bevel pinion with wliieh it meshes 
idly oil the driving sliaft. The clntclu's arc interconnected by a 
lever so that one eaniiol bo. engaged without, releasing tlu* other. 

Obvionisly there arc more parts to wear in the two sjieed axle 
and failure to drive on either gear ratio nin.st be due to faulty 
clutch aetioE. In view of what has been said previously about bevel 
gear ndjustmont there should be no trouble oxpericrie(‘d in secur¬ 
ing proper driving engagement of tJio bevel gearing when adjust¬ 
ments are provided for this purpose. In the (.'adillac design the 
entire differential assembly may be moved over just as in a single 
speed axle. In the Austin design shown at B, no provision is made 
for gear adjustment other than that initially provided when the 
gearing was assembled at the factory. In the Austin axle plain 
bearings are used inside of the sleeve carrying the largest bevel 
drive pinion and also to support the smaller of the bevel drive 
gears. Any depreciation of the plain bearing surfaces will result 
in noisy^action and con only be prevented by replacing the worn 
bushings with new. 

Double Rednetion Axles. —In commercial vehicles it is desir¬ 
able to use a lower driving ratio than could be conveniently pro¬ 
vided by a single pair of bevel gears, and yet it is desirable to re¬ 
tain the advantages of the full floating type of axle. A typical 
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Fig. 383.—Sect.ooal View of Westou-Mott Double Beductioa Full Float.rg Bear Axle. 
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double reduction axle of Weston-Mott design is shown at Fig. 383. 
In general construction and arrangement of gears the axle is very 
similar to that used on the Autocar and previously described. This 
is a built up construction consisting of cast malleable iron diffcren- 
lial housings and heavy steel tubes swaged down at their outer 
ends to talce tlic bearings on which the wheels are mounted. The 
differential is mounted on higli duty roller bearings having only 
plain thrust waslicrs to hold it in place because there is no side 
thrust from the spur driving gear. The differential assembly is 
driven by a large spur g(»ar meshing wuth a pinion on a short coun¬ 
tershaft in front of the differential. This shaft is driven by bevel 
gears from tlie ])ropeller shaft in the usual way. TJie housing is 
split vertically through tlie center line of the short sliaft and has a 
pressed steel inspection cover at tiie rear. The parts may be ex¬ 
amined by removing this cover. As is true of all full floating axles 
the axle shafts may be witlidrawn by merely removing the hub caps 
serving to keep them in place. 

Another form of double reduction axle is shown at Fig. 384. 
This is know’n as the internal gear drive type and is very satisfac¬ 
tory in commercial applications. The main feature of these axles 
is the combination of a non-revolving load carrying member with 
a jack shaft similar in construction to a live rear axle which drives 
the rear w'heels through the medium of small spur pinions meshing 
with large internal ring gears. As shown in the drawing the carry¬ 
ing member is an I section drop forging upon whicli the wheels are 
mounted. There is an opening in the center of the forging in which 
the central housing member carrying the differential assembly and 
driving pinion is securely bolted. The power transmission member 
is located at the rear of the supporting axle. The construction is 
such that the differential assembly may be removed without taking 
the ^ntire axle apart, though the wheels must be taken off of the 
spin^e .to permit the withdrawal of the pinion drive shafts. The 
method of adjusting the bevel pinion is the same ns has been pre¬ 
viously described in which the entire pinion assembly including the 
drive shaft and supporting bearings may be moved in or out to mesh 
with the differential ring gears. To adjust the gears to one side or 
the other the lock members carried at the rear end of the axle and 
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Fig. 38i;->F»n Sectional View Showing Constniction of Internal Gear Drive Bear AiUe. 
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vhich are removed by taking off the pressed stocl cover must first 
be released. The taper roller bearings are carried in cages or lioi;s* 
ings provided with threaded adjusting nuts which may be used to 
draw the housing of the bearing the way it is desired to adjust the 
ring gear. Obviously it will be necessary to loosen one of the nuts 



rig. 385.—Showing Arrangement of Mobile Wheel Spindle Used on 
Jeffery Four Wheel Drive and Steer Truck. 


by pioving it lo>vard the differential assembly the same number of. 
turns*that the other adjustment member is scro^ved away from the 
assembly when adjusting gears. 

Four Wheel Drive Systems. —There is a growing appreciation 
of the value of having all four wheels of commercial vehicles com¬ 
bine directive and tractive functions, especially if these are to be 
employed for towing trailers as well as carrying a load on theiff 
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own platform. One of the leading exponents of the four wheel 
drive system in this country is the Jeffery Company, the chief pe¬ 
culiarity in its desf^n being in the construction of the axles. Both 
front and rear axles arc the same in construction, the general de¬ 
sign being sliown at Fig. 385. TIic wheel carrying spindle is at¬ 
tached to a member tliat may be moved back and forth on the axle 
end for steering the same as tlie front wheel spindle of any car is. 
The method of imparting the motion of the driving shaft to the 
wheel even when that member is at an angle for si coring is simple. 
A differential assembly is carried by the uoii-rotalablo axle forging, 
the drive to the wheel being through a drive shaft and universal 
joint attached to the wheel drive pinion. The construction is simi¬ 
lar to that of the internal g(‘ar drive previously described, except 
that a universal joint is interposed in tlie driving sliaft to permit 
fhc wheel drive jiinion to assume the same angle as the wheel spin¬ 
dle currier without exoessive loss of power. 

Spur and Bevel Gear Differential.—Differential gearing is of 
two main patterns, that shown at Fig. 378, 0, being termed ‘‘bevel 
gear type” because only bevel gears and pinions arc employed 
while that outlined at Fig. 3S6 is known as a “spur gear differen¬ 
tial” because gears of the spur form only are used in providing 
differences of wlieel speed when turning corners. The differential 
is one part fii the automobile that seldom gives trouble, the bevel 
pinion form being stronger as a rule and less liable to breakage 
than that using spur pinions. If the differential is at fault, trouble 
will be experienced in steering the car around corners if the parts 
are wedged together so that none of the gears can turn, whereas if 
the teeth are broken or sheared off it will be impossible to drive the 
car. Before the advent of high grade alloy steels and before the 
art of heat treatment was a.s xvell understood as it is at the present 
time, differential gears of the spur pinion type were apt to become 
inoperative through the gears cracking or the teeth stripping. At 
the present -time those troubles are not apt to occur bec^^use high 
wrade steels are used in differential constructions. . When testing 
0 SCO if the differential is in good condition it is necessary to jack 
ip the rear axle till the wheels are clear of xhe ground. One wheel 
hould be turned by band and if the other turns in the same di- 
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rection and cannot be prevented from rotating except by the exer¬ 
tion of considerable eifort to restrain its movements, it is a sign 
that the differential gear is not functioning properly and that it 
is stiff in action. On a number of early makes of cars: especially 
cheap ones, the bevel differential gears were held on the wheel drive 
axles by pins which w'ere apt to shear off after being in use for 
some time. Tliis w'ill permit the gear to revolve independently of 
the shaft and not drive the wheel. Another fault was shearing of 
the retaining bolts or rivets that held the differential assembly and 
the ring gear together. This would permit the driving gear to re¬ 
volve without turning the differential case. 
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Tn most bevel dif¬ 
ferentials and in all 
spur forjMs the small 
pinions are bushed 
W’hore tliey revidve on 
a supporting pin. 
After the differential 
has been in iise for a 
period, and especially 
when lubrication has 
been neglected, these 
bronze bushings may 
become worn enough 
so the bevel pinions 
will be loose on their 
supporting pins in one 
case and the si)nr pin¬ 
ions liavc lost motion 
on their supporting axles in the other. As these bushings are not 
adjustable it is necessary to drive out the old ones and to force the 
newdnes to compensate for this depreciation. The gears atta(died to 
the wheel 4rive axle arc employed in a number of cases-to support 
the drive shafts rotating wdth them in the differential casings. Any 
lost motion in the bushing surroauding the face gear hub must be 
taken care of by forcing in new bushings in the differential case 
bosses. The method of taking a bevel differential apart is clearly 



Fig. 386.—Spur Oear Differential. 
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/outlined at Fig. 378, C, as is also the relation of the various parts 
ill different stages of assembly. The housing of the average spur 
pillion differential may be taken apart by unscrewing the pins on 
which llie differential jiiuious revolve as tliosi; also serve as reten- 
^tiou members to keep the two members coinjirising the differential 
case together. 


Chain Drive Troubles. —There are very few chain driven pleas¬ 
ure cars in ust^ at the present time, these generally being models 
'live or six years old. Chain drive is still used e\tensivoly oh com- 
mcreial veliieles, however, so it will he necessary to give some iii- 
•struetioii for tlie care and adjustment of chains. Most of the 
troubles in cliuin drive are due to worn driving chaiiiH or sprockets. 
^The reason for this dejirociatiou is liiat eliain drives, for the most 
liarl, are run Avilhoul. any inxiteelive casing and grit and dirt col¬ 
lect between the clniins and .sproek<‘tH ainl in the hearing surfaces 
of the ohain itself, ami if not removed hy fretpient cleaning of the 
chain it will rapidly grind away the sprocket leelli and cause tlie 
ifhain to hecome very loose. A typical chain drive system is shown 
fixt Fig. 387. The wIhtIs revolve on a iion-rolalahle axle, being car¬ 
ried iu most cases by .some form of anli-frietion. bearings. Power 
is transmitted from small sprockets carried by a jack shaft sup¬ 
ported by the chas.sis frame to tlic larger rear sprockets usually 
secured to tlie brake drums by means of some form of steel link 
chain, the roller chain being the foj’iu most generally applied. If 
the sprocket teeth are worn hook .shape, it is necessary to replace 
the sprocket with new ones. If tlie chain is too loose, so that it 
‘‘whips” when in service, tin? radius rod.s that are fastened to the 
axle at one end and the jack shaft at the other may he lengthened 
by the adjustment means provid< d to increase the center distances 
between the driving and driven sprockets. Tightening chains must 
be done with judgment as it is more undesirable to run them loo 
tight than it is too loose, \Vhen a clmin lias been tightened to a 
sufficient degree there sliould still he a small amount of slaclj which 
•will permit the cliain to drop at its loiver side as shown at Fig. 387. 

A driving chain is tested for wear by bending it sideways to 
feel the looseness between the link i>ius and bushings. After con¬ 
siderable wear has taken place on each of the bearings of the chain 
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links the chain will have lengthened out of pitch and should not 
be run as it will produce rapid wear of the ‘ sprockets. After a 
chain is worn it is apt to break when a load is suddenly applied, or 
when the engine is called upon to exert its maximum power as in 
climbing grades. The two forms of cliains that have been gen¬ 
erally applied for driving an automobile are the roller chain as 
shown at Fig. 388, B, and the silent chain shown at Fig. 389. The 



Fig. 387.—Practical Application of Bide Ohain Drive. 


block chain, which is shown at Fig. 388, A, has been seldom ap¬ 
plied except on very early forms of automobiles. The roller chain 
is made in two main types, the quick detachable which is shown at 
B, and the riveted type as shown at C. With the riveted type new 
links can be replaced only by driving out the rivets with a steel 
drift after the euds have been ground off to permit driving the 
rivet out of the side plate. 

Quick detachable types offer the advantage of being taken apart 
at any point by removing a simple lock member which may he in 







tlie form of a stamped plate, as shown at B or a split pin passing 
through the end of the rivet as shown at D. Even the riveted types 
of chains arc joined together by a quick detachable link member 
which is called “u master link’’ to permit taking the chain off of 



t'lg. 388.—Showing Fonns of Driving Chains and Bepalr Links for 

the Same. 


the sprocket without having to drive out retaining rivets. The 
chain repair links are made in a number of types, those shown at 
E and F, Fig. 388, consisting of two side plates with the rivets 
or pins that form a bearing for the roller link shown at G. When 
it is not possible to shorten a chain by removing a roller link as 
at Q, and one of the pin-carrying links as at E and F, a special 
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off-set link shown at II is provided. As -will he apparent this will/ 
join one of the side plate links with one of the roller carrying links. ^ 
The method of taking the chain apart shown at B may be read¬ 
ily miderstood. The ends of the roll carrying pin are provided 
with annular grooves machined around them. The locking mem¬ 
ber is a stamped steel plate which is pushed ovei^the pin and which ' 
has a horizontal slot in one end that is slightly less in width than 
the diameter of the rivet pin, and which therefore cannot come off 
of the pin when it is forced into the groove at the end of the pin. 



Fig. 389.—Showing Construction of Whitney Silent Chain. 


After the horizontal slot has been pushed over the pin, the end 
carrying the vertical slot is pulled down over the other pin; The 
chain side links are provided with depressions in which a suitably 
raised punching in the link locking stamping springs when the 
locking member has been pushed in place. In the section of chain 
shown at B, the locking member at the left is about to be pushed 
in place while that at the right is shown in the position it occupies 
to prevent loosening of the chain link. ' 

The method of locking the master link on the Baldwin chain is 
clearly shown at Fig. 390. In this washers of soft steel are used 





to fit tlie locking grooveg in the end of tlie rivet pins. After the 
washf^i* has been sprung in place, it is tightened around the pin 
with a pair of pliers. In the Whitney chain, also shown at Fig. 
390, the side plates are held by split pins which may be readily re- 
jiioved when it is desired to pull off the side plate. It is often found 
difficult to replace a large heavy motor truck chain on account of 
trouble in bringing the links sufficiently close together to slip in 
the masier link. This may be easily overcome by using a simple 
tool shown at the bottom of Fig. 390. This consists of a pair of 
hooks made, of stock sufficiently small in diameter to go between 
th(‘ rollers and side 
])lates of the chain 
link. One of these 
hooks is provided with 
a right luuid lluvad, 
the otlier with a left 
hand tlwoad. A piece 
of hcxiigou bar stock, 
four or five inehes 
long, is provided, a 
lade bcijig drilled clear 
through. One end is 
tapped right liand to 
match the thread on 
one hook, while the 
other end is tapped 
left hand to fit the 
thread on the other 
hook. When the hooks 
are started into the 
ends of the threaded 
bar, a very effective 
turnbuckle arrange¬ 
ment is obtained by ■which all slack may be taken out of the chain 
and the links brouglit near enough together to insert the master 
link. 

If chains are propferly cared for they will not wear as quickly 
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Fig. 390.—Two Types of Quick Detachable 
Chain Uuks and a Simple Tool to Fadli- 
tate Insertion of Master Link. 
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as when neglected. The careful truck driver will remove the chains 
every week and allow them to soak in kerosene so that all grit will 
be washed out of the joints. After this, the kerosene is thoroughly 
wiped off and the chain is immersed in meUed tallow and graphite 
until the lubricant has a chance to penetrate between all the rivets 
and roller bushings. The surplus lubricant is wiped off of tbe 
chain after it has been allowed to cool and the chain replaced. The 
practice^of oilidg the cliains with an oil can or with grease applied 
to the surfaces is not conducive to long chain life because it only 
serves to collect the grit and lead it to the hearing surfaces. The 
silent chain, wdneh has been adopted in a number of case.s for cam¬ 
shaft drive in the engine and for coiif)ling u]> starting motors and 
•generators to the crankshaft, may also be usivl for tinnl drive. It 
has been used in friction drive cars, notably the Lambert, Carter 
•car and new models of the Alctz tonrijig oar. Wliere tins type of 
•chain is used it is usually protected by a casing and runs in an oil 
bath. When mounted in this manner the silent chain is not apt 
to depreciate rapidly, as is true of the roller chain wlien the links, 
rivets and bushings have worn the chain will stndcli out of true 
pitch and will become seriously weakened. If there is nnnsiial wear 
or lost motion at these jjoiiits the only remedy is r(‘placemont with 
a new chain. Whenever a now chain is installe<l on a car, it is 
imperative to replacje the sprockets as well because a now chain will 
not rim well on w'oru sprockets, nor will new sprockets operate 
properly wdth a worn chain. 

Live Axle Repairs.—Among the parts of the live a\le that de¬ 
mands inspection from time to tiiqe arc tlic diffcrenlial and.driving 
gear assembly, which have been previously described, and those parts 
of the rear construction upon which its structuraLstronglh depends. 
There are other points, such as spring seats, the brake mechanism 
and the bearings upon which the various rotating members are 
carried that must also receive attention. Noise from a rear axle 
oftei^ results when bearings that are too small have been used or 
when these have been of a type not properly adapted for the work 
they were expected to perform. For example, a number of axles 
has been marketed in which only single row or radial bearings 
have been used to take tbe thrust between the bevel drive gears in- 
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stead of supplying heai'ings especially adapted for that purpose. 
Tlie pressure of the bevel gear teeth, as soon as it reaches a cer¬ 
tain point would cause a wedging of the balls and races, especially 
when the car is on the lower speed ratios or if the transmission 
brake is applied sharply at full speed or if the wheel brakes are ap- 
]died without releasing the clutch. A harsh acting clutch will also 
impose these intermittent wedging stresses on the bearings. This 
is unfortunate because if by any such action the ball bearings have 
been pi»t out of 'line, the distortion bcitween the inner and, outer 
races will result in rajnd hearing deprcjciatioii W’liich of course pro-^ 
duces eonsiderablo noise. Another troul)le met with in serai-float¬ 
ing axles is replacing wheel drive shafts for defective ones that are 
too short aiul which do not al)Ut inside oC the differential. Tn this 
case when one rear wheel skids violently or is thrown against some 
ohstucle on the higlmay the severe end tlirust shock is frequently 
transmitted to a bearing supporting tlie differential which results 
in these members depreciating sooner than they would if subjected 
only to the load they are supposed to resist. It is considered good 
practice to trau.smit the shocks from one wheel to the other through 
the middle of the axle without ongagiug the differential housing. 
This is done by the manufacturer when he estahlishcs a contact be¬ 
tween the two inner ends of the wheel alnift. When the shafts are 
replaced or repaired care should he taken that tliis mutual abut¬ 
ment takes place as intended. In some designs a large size steel 
hall is placed between the axle ends, in others, fiher or steel washers 
having curved and straight sides are used, the curv'cd sides being 
placed against each other, while the straight sides are placed against 
the shaft ends. Shafts of three-quarter or full-floated axles are 
not supposed to abut. 

The rear axles of many shaft driven cars are braced with ten¬ 
sion rods, but after,being in use for a time the vibration of the 
axle and the up and down hammering action that obtains over 
rough roads eventually lengthen the rods and relieve their tension, 
which, of course, results in a cessation of the functions they are 
intended to perform. The tension rods should ho carefully exam¬ 
ined from time to time to make sure that they are properly tight¬ 
ened as if loose a certain amount of sagging will take place which 
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results ill Jack ol‘ i)li;:fiwriit of the pnr/s (‘.-irrird In' flu! fliiiemifiaJ 
housing witicli Mill ivsiill in noisy .•iclioii. (‘h.s('s of (ii.sforft'd 

^ /ixio IjoHsiii^'.s lojvc I^ci'M iiiifiVi'd in liffjit Ix'cij oper- 

atcil DVT fooif/i rD«»/s. ThJs wiJl result in the wlii’^ls bowed 

i.o i.’ji'i (he fo|w aiv iiciiror tojjeflicr IIjuu the boffoni, as siiowji at 
Fijr. In nuuiy coses the sjo’iing axJc Iionsin;^ may be (bviwn 

back in Jipc and njatcrially striTi^rtliciicd by tlic use of a t?‘iiss rod 
placoil under IJie din'crontial Jioii.sing and atlaelicd aL the wheel end 
of tile a.'vie by some form of clamp, inissing around tlial member. 



Fig. 391.—^Method cf Bracing Sprung Bear Construction by Truss Rod. 


The j'»)d sliould lie at least half an inch in diaineler and lie made of 
cold rolh^d steel. A turnbncklc is placed ill the rod to draw the 
parts togfether and strai^jliten out the axle honsinff. The eoiidilion 
shown in the diagram is exaggerated in order to make the defective 
condition clearer. It is not possible to take out all Iho sag if an 
axle Has been neglected and it is also important to notice wlietlier 
the wheels are loose because of w'om bearings or whether the wheel 
driving axle is bent before any attempt is made to compensate for 
this defective condition by trussing under the roar construction. 

Tn many cases where the bevel driving gears Jiave worn the 
repairman has the job of replacing the worn parts. In some cars 
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the rinf? gear is riveted 1o the differential rase flange, tlioiigli in 
juost oJ’ tile nioclern tlesigns it is atta<'Jie(l to tliat ineinher by means 
of hulls. If the tlimuled relontiou inenil)ers are used it is not a 
^liflicult i)roi)osition remove the bolls and the old gear and fasten 
tlie new tme in place. "Where the ring gear is allaehed hy rivets, 
however, an entirely dillVrent i»roceduie must Imj followed. The 
first .step is the removal of the old gear hy oiiipping off tlnf rivet 
heads with a siiarp eliisel in order to drive the old ri\ets out or tc 
^drill out the rivet lihnd if this is of tlie eonnliMsnuk type. After 
the rivets have all been driven out and the old ring gear reumved, 
the flange should l>e oarefnlly gone over and all upstanding burrs 
.should Ije snioo(iie<l down witli a file. Any irregularity on tlie 
jfliiugo will iM'suit in the ring gear being out of true, as far as its 
meshing with the driving pinion is enneerned. 

IJot riveting is preferable to cold riveting beeause when the 
rivets are ))ut in red hot they All the Imle.s heller as they arc headed 
over and additional holding jiower is seeured hy the cooling shrink. 
*111 order to make a neat job of riveting it *is imperative to use a 
rivet set, A skillful meehanie may be aide to form ii]) a head with 
a peening hammer hut this at be.st is a slow job and tliere is always 
some danger of injuring the diflereiilial casing or the gear teeth 
should the liammer slip. 

^ A rivet set is very easily made by using a bar of steel about 
one inch square and five or six inches long, tapering off the end so 
it will fit in the space between the gear teetli and the differential 
casing and forming Ihi; dei)ression in the end that nakes Ihe rivet 
Jiead either by drilling in with tlie point of a drill, or liy heating 
^the bar of steel to a good forging heat and making the depression 
by driving a rounded bar of steel to conform with the rivet head 
into the Imaded end. 

The usual size of rivet used on small cars is j 4 -inch. On the 
larger pleasure cars, ^5-incli or ^-inch diameter riveds will be 
used. The rivet should he sufficiently long so that it wall project 
^through the flat surface against wliieh the head is to,bear a length 
equal to lyz times tlie diameter of the rivet stock. Tlie work of 
rivetuig must be quickly done. The rivets are heated in a forge 
and when red hot arc placed in the hole, the head end down against 



786 Automobile Repairing Made Easy 

an anvil wliile tlie projecting entl is headed over with a rivet set 
and a H pound hand sledge or machinist’s hammer. After the first 
rivet has been placed, the next one to go in should be put in dia¬ 
metrically opposite. This holds the gear firmly in place against 
the differential gear case flange, after which the other rivets may 
be put in as suits the convenience of the operator. It is well to 
bear in mind that a well rounded rivet head is apt to have more 
strength than large, roughly flattened heads that have been pro- 
duced by hammer blows and without the use of a rivet set. 

Axle Lubrication.—Many cases of noisy driving gears result 
from lack of lubricant in the differential ho\ising, and a number of 
oases of rapid depreciation of live axle bearings have been traeed 

to neglect in oiling 
these essential parts. 
Tlie reason for this is 
that most of the axle 
members are lubricated 
tlirough the medium of 
compression grease 
cups, w'hich are more 
or less iuaeecssible un¬ 
less the operator gets 
under the car. The 
average motorist who 
tiikes care of his owTi 
car does not enjoy get¬ 
ting under the chassis 
unless absolutely nec¬ 
essary. Points that 
jnust be reached peri¬ 
odically are apt to be 
neglected, whereas if 
the oiling was not too much of a task, they would receive regular 
attention. If a rear axle on a practically new car grinds or hums 
the first step is to introduce some grease into the differential casing 
unless the noise is so pronounced that it is evident it must be caused 
by lack of alignment or poor meshing of the driving gears. 



Fig. S92.—How to Rivet Driving Gear to 
Differential Gear Case. 
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Most differential housings liave a removable cover plate leaving 
an opening tlirough which grease may be introduced when neces¬ 
sary. It is somewhat of a task to remove tJiis cover, so many makers 
provide a plug through which the spout of a syringe or grease gun 
may be introduced to advantage. 

A v(‘ry practical form of grease gun is shown at Fig. 393 , A. 
This is filled with the grease used for oiling the differential gears 
by drawing the plunger to the extreme outward positioif and re¬ 
moving the threaded closure inemher to which tlie spout is at¬ 
tached. This makes it possible to pack the grease in the pump 
l)arrel after w’hich the cover is screwed back. Jn order to force 
the heavy lubricant 
out, a vsim])lo ratchet 
mechanism is provided, 
worked by a handle, 

Avhieh provides consid¬ 
erable leverage, this 
working against a se¬ 
ries of ratchet teeth on 
the plunger rod of the 
pump. By grasping 
the pump as shown it 
is possible to empty the 
syringe with very lit¬ 
tle exertion by moving 
the triggcr-like lever 
to push in the plunger 
to displace the grease. 

Other forms of grease pig. 393.—Methods of Luhrlcating Rear 
guns have a tlircadcd Construction, 

plunger rod, which 

may be screwed in the barrel to force out the grease; some use 
compressed air. 

AVhere grease cups are fitted in important but inaccessible places 
the conscientious operator is obliged to reach under the chassis and 
4issuine uncomfortable positions, not to mention the ever present 
danger of soiling the clothing. An easily made and inexpensive 
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device is shown at Fig. 303, B, which will bring llie grease cup out’’^ 
1 o a point whore it may be easily reached. The material necessary 
consists of a piece of ordinary onc-cighth inch gas pipe, an elbow, 
coupling, and a short nipple which are joined together as indicated. 
To install the device the cup is removed and the distance measured 
from the part to bo lubricated to the most convenient point where 
tlic grease cap is intendud to be placed. Practically all compres¬ 
sion grease enps are provided with a ono-eighth inch standard male 
gas-pipe thread. "Wlien the grease cup is removed from the axle 
there should be no difficulty in placing a nipple in the opening loft 
by tlie withdrawal of the greastt cup. The elbow' is attaebc<l to the 
nipple, after wliich the piece of pipe, which lias been cut the proper 
length and threaded at botli ends is serew’ed into the elbow at one 
end and the coupling screwed on at the other. The grease cup is 
then screwed into the female thread at the end of the coupling. 
Care should be taken to fasten the pipe at the grease cup end by 
means of a metal clip, as if it is not securely fastened to some part 
of the axle it will be apt to break off due to vibration. It should 
be remembered that it is necessary to fill the entire lengtli of pipe 
with grease before any will reach the bearing point, therefore it 
is important that the grease cup be refilled a number of times to 
make sure tliat grease w’ill reach the bearings. 

No part of the automobile is exposed to more dust and dirt than 
the operating linkage of the hub brakes. Upon the majority of 
automobiles no means are provided for effective lubrication of those 
parts. Any looseness of the bearing pins causes a disagreeable 
rattling due to rapid wear of the dry bearings. The usual method 
of lubrication is by a squirt can, oil being applied to the crevices 
betw'een the moving and stationary parts with a hope that it may 
find a way between bearing surfaces. It is well to wipe off surplus 
lubricant from the outside of tlie joint, as this only serves to at- 
tract and hold road dust. ^ 

'Methods of Retaining Lubricant in Wheel Hubs and Differ¬ 
ential Housings.—The r(d:cntion of lubricant and exclusion of dust 
is one of the problems confronting the designer of automobile axles 
that can be solved in a number of different ways. It is important 
to prevent the escape of grease from the differential housing be- 



Urease lietaining iW ettidd^ 






Fig. 394i—Showing Typical Methods of Retaining Grease in Differential 

Housings and Wheels. 

cause it will accumulate on the internal brakes and reduce their 
efficiency. Wliile it is difficult to overcome leakage due to an ex¬ 
cessive supply oi‘ lubricant, if I'oasoiiablc precautions are taken in 

f s respect, an axle housing may be made practically grease tight. 

number of oil-retaining methods selected at random and known 
to give satisfactory results iu practice is depieted in accompany¬ 
ing series of illustrations. 

A worm gear drive axle is more apt to lose oil because this form 
of gearing demands more lubricant and of a more fluid nature than 


jkUiomoDiie Repairing Made Easy 

that ordinarily supplied to bevel gear driven axle housings. An 
ingenious application of a self-tightening stuffing box is used in the 
construction outlined at Fig. 304, A. The tubular housings that 
enclose the live axles project into the differential ease and have an 
enlargement at the end closed by a paelciiig retention nut. This 
bears against one wedge-shaped grapJiited packing which fits the 
taper scat of tlie other packing elcnieut. As a eertniii amount of 
wear is Mnavoidal)lc as the shafts revolve inside the packings, some 
method of keeping the i)ackiugs properly seated is necessary. This 
is accomplished by a coil spring -wliich^holds the i)aekings in inti¬ 
mate contact with the, sliaft. "When the ear rounds a curve and 
tlio lubricant is thrown to one si<le, the space between the sleeve 
tube and housing acts as a pocket and retains the oil, allowing it 
to flow back to the bottom of the housing w'hen tlie car is no longer 
tilted. 

In a number of cases, felt w'ashers fonu an effective barrier 
against passage of oil along the shaft, though w’lion these are em¬ 
ployed, a supplementary jiaeking member is utilized at the w^heel 
end of the axle. Two felt wasliers firmly held between steel clamp¬ 
ing plates may be fitted as at B, or a special composite niemlxT as 
outlined at C may be substituted. The packing member is inclined 
as show'n, so that the oil carried aro\uid by the axle will be de¬ 
flected back to the bearing bousing. 

The self-adjusting stuffing box arrangement shown at O is simi¬ 
lar in design to that outlined at A, except that more felt washers 
are used and metal wedges are depended on to keep the washers 
bearing against the axle. As in the other design, tlie pressure of 
a substantial coil spring keeps the metal wedges in firm contact 
w^th the felt i>ackings. 

There is no better knowui or more effective method of keeping 
oil from leaking out of the axle at the wheel end than the patented 
oil slinger invented by ‘Weston-Mott engineers and depicted at E. 
The* function of this member, which revolves with the wlieel, is to 
throw the oil which Iciiks by the felt w’ashers into an oil catch basin 
cast integral witli the brake-band carrying plate. A bent pipe at 
the bottom of this chamber allows the oil to drain off to the ground, 
clear of the brakes and tires. 
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The method shown at P involves the use of a tapering axle hous¬ 
ing tube and a bearing retention nut carrying a liberal felt washer 
in an annulus machined therein. Should any oil pass by the felt 
washer, that member must be renewed. The construction outlined 
at G is a combination of felt washer to restrain the oil and a catch- 
basin to hold any lubricant that (‘sta|H?s past the felt packing. The 


mcniiotRi 

OB&NfTLT 



,AXL£H0USm 


,PACHm 

5WmN6 
(SOX HUT 




LOCH 
XRCW 

PACKina OP OBAXCAlB 

c 




smrfmsox 

‘ HOT 


COIL 

5PSIHC 


AXU OHAFT 


OTlftL0S IBAB AZM PACKIWO acaSKB 



' [ ; — 

E 

OVIBbANS.ISAB AZV QtBAM PACCINO 


Fig. 395.—Miacellaneous Qrease Betaioiog Mothods. 

oil container is attached to the casting used to support the brake 
assembly. This system is used by tho Salisbury A\Tiecl & Mfg. 
Company. 

The methods of grease retention shown at Pig. 395 are similar 
to those previously described. At A, a simple oil retaining ring 
and felt j)acking arc believed sufficient. At B, we liavc a modifica¬ 
tion of the idea shown at A, in which a more liberal felt washer is 
used which is held in a pressed steel retaining member. The stuff¬ 
ing box idea as shown at C is more often used on transmission gear 
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cases than on rear axles, but as the gear case is sometimob combine<r^ 
with the diHereutial housing a packing of this form may be found 
on the rear axle. In order to prevent oil leakage it is necessary 
to screw up on the packing ring to compress the felt more tightly 
against the slnift. BeCorc the adjusting member can be turned it , 
is necessary to release the locking screw which must be replaced 
when^the st\iffing box has been properly tightened. The automatic 
stuffing box shown at D is used on some Overland I'ear axles. This 
consists of a substantial felt washer held between steel plates, a. 
constant i)ressiire against the w'asher being exerted by a coil spring. 
Other Overland models have tlie grease packing sbo\m at h'ig. 395, 
pj. This is the form of stuffing box widely applied in marine use 
which must be taken up from time to time to compensat<; for wear¬ 
ing of the felt packing imunber. If grease escapes from the end I 
of the axle shaft and accumulates on the wheels or tires, tills may 
be taken as a sure indication tliat the felt packing is w^orn and must 
be replaced with new washers. It is not only desirable to keep 
the grease in the axle on the score of cleanliness, but also on that 
of economy of lubricant. 

Types of Axle Bearings. —At the present time most automobile 
axles are equipped with anti-friction hearings of various tyiies. 
These may employ either ball or rollers as load carrying elements. 
Two common forms of ball bearings are sliown at Fig. 39G, A and 
B. The cup and cone typo sliown in part section at A has been »■ 
widely applied to the front wheels of light and medium priced 
pleasure cars and in some cases as a 8upi>ort for the sides of tlie 
differential. It is an angular contact form and requires adjust¬ 
ment. The bearing at B is an annular form intended only for sup¬ 
porting radial loads. It is a non-adjustable unit and when it wears^ 
it must be ri'placed with a now bearing. 

The roller bearings used arc in three main forms, that shown 
at 0 using straight rolls of solid steel, that at D using solid taper 
rolls and the forms at E and F which use straight, hollow rollers. 
The taper roller bearing and the cup and cone type ball bearings .<ij 
are of the “take up” type. This means that they must bo ad¬ 
justed for smooth running and all lost motion eliminated after the 
members they support have been assembled in the rear construe- 



Grease Itetaining Methods 


793 



Fig. 396.—Ontlluiig Conv«iitlonal Types of Ball and BoUer Bearings. 
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Tig. 397.—^niustratlng Two Methods of Mounting Trout Wheel Hubs 
on Ball Bearings. A~-Gup and Cone Bearing. B—^Unit Type Nou- 
Adjoatable Bearings. 


is also true of the Timken roller bearing shown at D. In the stand¬ 
ard type Hyatt bearing the long rollers are intended to bear di¬ 
rectly on the shaft they support. Tn the high duty form the alloy 
steel rolls are shorter and are provided with accurately ground in- 
ner^and outer race rings. 

Two applications of ball bearings to front wheel hubs are shown 
at Fig. 397. That at A. uses Radax bearings which arc of the an¬ 
gular coutact cup and cone type. The method of adjustment is 
clearly outlined. The wire wheel hub shown at B is mounted on a 
combination, tQounting consisting of a double row bearing clamped 
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firmly in the master hnb shell and also tightly held on the wheel 
spindle. The single row bearing on the outer end of the wheel 
spindle is not called upon to take any end thrust as the double row 
bearing is. If any looseness develops in the hub mounting shown 
at A, and upon examination the bearing components are found to 
be in good condition, the trouble may be easily corrected by screw¬ 
ing up on the adjusting nut to bring the cone of the outel* bearing 
more firmly in contact with the balls whieli in turn push the outer 
race member and the hub it supports over towards the steering 
knuckle and take out any lost motion which may exist between 
the parts of the inner bearing. When looseness develops in the 
hub of the form shown at B, the trouble is usually due to the lock¬ 
ing nut on the on<l of the Bi)iijdle becoming loow^ and allowing sonic 
clearance between the spacer and tlie bearing inner races. The 
remedy for this condition is to tighten up on the nut to bring the 
bearing races and the spacer into more intimate contact. In exam¬ 
ining bearings of the non-adjustable form it is imperative to have 
these perfectly cleati as small particles of dirt will make them run 
harshly. TJie im])ression a dirty hearing will give is just as bad 
as a W'orn one will produce, so before a bearing is condemned it 
slioubl be thoroughly cleaned. 

Removing and Installing Ball Bearings.—Many anti-friction 
bearings are damaged in removal or during application when re¬ 
pairing mechanism in which they are mounted, but this results 
more from iguoranee of their nature tluni dcdiltorate intent to dam¬ 
age them. A common cause of bearing failure is noted when they 
are driven in place by blows from an ordinary machinist’s hammer 
applied directly to the bearing face or through the medium of a 
steel drift or blunt cold chisel. Ball bearings should never be 
driven in place or removed by use of steel or other hard metal 
tools because the race members may be permanently sprung or de¬ 
formed by this treatment. Wherever the construction permits^ 
which is true of most automobile applications, bearings should be 
removed by direct application of pressure to the part that is tightly 
fitted. When a' bearing is mounted in a wheel hub, as indicated 
at Fig. 398, a simple form of wheel puller can be. employed to ad¬ 
vantage. This is a substantial casting of malleable iron or bronze 
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inado approxiiuatfly tlit? Haine shape its the Jmb eap, llireadod in- 
' sifli* to fit Lho hill) and having a substantial set screw at least 
inch diarnoler passing through the threaded boss at the ecjntcr. The 
screw sliould be long enough to pull the wheel and beariijg entirely 
off the spiiidlc or axle tube. A shouldered plug of steel with a de¬ 
pression drilled in to locate the screw point may be pushed in the 
hollow tube to centralize the screw pressure. In use, the wheel 
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Tig. 398.—Showing Construction of Simple Wheel Fuller for Bemoving 
Wheel Hub From Full Floating Bear Axle. 

puller casting or wheel is kept from turning, so that as the screw 
advances, it pulls off the wheel and the bearing it contains. 

A modified form of puller having two arms and a cross beam 
that can be used when a bearing cone must be removed from an 
axle or spindle is outlined at Fig. 399, A. An attachment to per¬ 
mit it to remove a bearing of the unit t 3 ^e such as a single or 
double row annular without exerting any pressure on the balls or 
outer race is clearly depicted at Fig. 399 B, This consists of a 
split casting adapted to be clamped loosely around the shaft back 
of the bearing inner race and any pressure exerted to remove the 
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Fig. 399.—Methods of KeznoTing and Installing Ball Bearings Without Damaging Them. 
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bearing is applied directly against the member ^hich is a force 
fit on the shaft. When any form of hub or bearing puller fails to 
start the member to which it is applied by direct pull, its action 
may be accelerated after the screw has been tightened sufficiently 
to place the parts under a certain initial tension by a few sharp, 
well directed hammer blows on the beam or main body of the 
device.* 

In all cases where possible, the pressure applied to remove a 
bearing or part should be exerted directly against the portion that 



Fig. 400.—Simple Tools for Ball Bearing Installation and B^moval. 

is a tight fit on the shaft or in the housing. In most cases it is 
the inner member of the bearing that is a force or press fit on the 
shaft, the outer race member is usually a push fit in the housing 
and may be easily removed. If it is necessary to force the bearing 
oft with a scries of blows, always use a brass or hard babbitt metal 
bar or drift between the bearing and hammer, or even a piece of 
hard maple, hemlock or oak. Do not direct all the blows at any 
one point on bearing as this tends to cramp it and will make it 
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harder to drive off. Distribute them evenly around the entire cir¬ 
cumference, always having successive blows at points diametrically 
opposite. When driving bearings in place, it is always best to use 
some form of soft metal yoke member as shown at PMg. 399, C, or 
tubular section piece as shown at Fig. 399, D. With either the 
yoke or the other tubular form tlic hammer blows are distributed 
evenly and the l)eariug is driven in place without injury to either 
shaft or bearing conipont'iits. Wlicu a double fork member is used, 
one end can be made to drive against the inner race member while 
the other eaji be spj’ead enough to fit the outer race if desired. 

Tiie method of driving an inner race in place shown at Fig. 
400, A, is recommended by Ibe IJess-Briglit licai’ing Company. 
This is a cast brass tubular member jiroixu’tioned about as shown. 
Mallcalde iron or any relatively soft material will answer in place 
pf tiic brass. Jt is ))ossilile in many eases to make very satisfac¬ 
tory hearing in.stalliug members of slumlard hi*as.s pipe. Most ball 
bearings have tiie si/c number stamjied on the siile of the inner 
race. When installing lless-Uright hearings alway.s place the un¬ 
numbered .side on first wdicn driving in place. Tlic tool shown at 
Fig. 355, B, is recommended for removing bearings. The assontial 
point to observe is to exert a steady, uniformly distributed pull on 
the back side of the inner race in pulling that member off the* 
shaft, instead of against the outer race and the balls. The method 
of operation is very simple, the inner split ring A is placed bade 
of the inner race X. The split ring is held together by a solid outer 
ring B placed on its circumference liaving holes for the straddle 
bolts D, dire(;tly over the joints in ring A. The outer ring B is 
connected to the cross bar E by the two straddle bol^ts D. Cross 
bar E is supported by the set screw F entering the shaft center 
hole and the bearing is easily withdrawn from the shaft by apply¬ 
ing a wrench to the set screw. 

In adjusting cup and cone ball bearings or taper roller bearings 
it is necessary to make the adjustment very carefully in compen¬ 
sating for lost motion that exists in the assembly. The condition 
of the bearings may be determined without difficulty when these 
are used in the wheels by jacking up under the axle to raise the 
wheel clear of the ground and thus relieve it of car weight, then by 
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grasping the wheel rim at opposite points and attempting to shake 
the wheel. Any looseness in the bearings can be detected by lost 
motion between the wheel hub hjkI spindle. Care should be taken 
not to confound this lost motion with looseness in the steering 
knuckle supporting pin. 

Ill taking up lost motion when any tyi)e of adjustable bearing.i 
is emj)loyed, considerable judgment must be exercised in screwing 
up on the adjusting member not to get tliis up too tightly and im¬ 
pose an injurious end pressure on the balls or rollers. An excess 
pres.sure that will slr(»ss tbe bearing parts dangerously will iml 
make much dilTorenec in the wheel n-sistanco when turned by hand, 
though when the ear weight must be sustained at high speeds or 
when going around corners the resistance will be* increased uiateri- 
ally and bearing ciuluraiiee redueed in pro])ortion. A safe rule to 
follow is to take up the wear by screwing in the adjustment iiut^ 
enough so the “shake” or looseness will be eliminated and yet per¬ 
mit the wheel to “sj)in” for a few revolutions when given an ini¬ 
tial impulse. Many motorists and even inexj)erieiiecd mechanics 
commit the error of adjusting bearings of the “take up” tyj>e too 
lo().sely. This is not desirable, any mor<i than fitting parts ti’o 
lightly together is. Always lock adjustment nut firmly in place 
when proper adjustment has been secured. 

In some gear boxes and axles, tlie bearings are .shim adjusted. 
A number of thin wasliers of sheet brass may be interposed between 
the bearing cup and the retainer cap. WTien taking down an as¬ 
sembly of this nature always keep the slums from any bearing 
box together and tagged for future identification to insure that the 
adjustment made in the factory will be maintained after reassembly 
in the repair shop. If the bearings are loose for any i*eason, add 
thin shims about .005-incb thick to the others, until there is no af/- 
preciable lost motion and yet no binding between bearing parts. 

A word of caution is necessary to the inexperienced motorist 
>vhen tightening adjustable bearings of the cup and cone type. The 
first thought when looseness is detected is to tighten them by bring¬ 
ing the cones into closer engagement with the balls and thus forc(«'i 
these memberH more tightly against the bearing cups. This should 
never be done without examining the condition of the cup, cone 



Fig. 401.—Dlttstratlng Depreciation in Cup and Gone Bearing at A and 
B and Method of Removing Cone from Wheel Spindle at 0. Use of 
Drift in Driving Out Anti-Friction Bearing Gups from Wheel Knb 
Outlined at F. 

and ball and separator assembly. If a groove has worn in the cup 
and cone, as shown at Fig. 401, A, due to flaking away of the metal 
under load, nothing will be gained by adjusting the bearing by 






















^A.UfV\Juiuuuv J.^CJJlUI ifiy DXMlC JCddSy 


bringing tlie cone into closer engagement. This will cause the balls 
to ride on the sharp otigea of the grooves as shown at Fig. 401, B, 
which will result in rapid destruction of the entire bearing, be¬ 
cause either a broken ball or some of the flaked particles of steel 
will get between the bearing parts. "Wlien adjustable bearings be- 



Fig. 402.—Wheel Benoved from Motor Truck Front Axle to Show 
Arrangement of Bearings on Steering Spindle. 


come worn it is necessary to replace both worn cup and cone as 
well as entire new series of steel balls. 

'When it is necessary to replace a bearing the old one must be 
removed, and while a number of tools has been described that 
w^ork very well on modem cars, some difficulty will be experienced 
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on those of early design because no provision was made for easy 
removal as is now the case. The easiest method of removing a bear^ 
ing cone when it is forced on a wheel spindle and no opportunity is 
present for using a special puller is shown at Fig. 401, C. A sharp 
cold chisel is used, this being driven between the cone and the 
shoulder against wliicli it is forced on alternate sides, first above, 
then below, and then on either side until the cone has berti worked 
off of the wliccl spindle. Similarly a ball or roller bearing cup 
that is a tight fit In a M'h(!el hub may be driven out by careful ap¬ 
plication of a brass drift as shown at Fig. 401, F. The hammer 
blows should Jiever he directed at any one point of the cup because 
if the pressure is applied at one poijit only it will cramp the cup in 
the hub and any further hammering after the cup is ‘^eoeked’^ will 
only serve to make it more difTieult to remove. Tlie method of re¬ 
moving a cone from u long shaft by a piece of pipe as at B, and by 
a gear puller as at Fig. 401, E, is generally understood by repair¬ 
men. If tho cone resists either of these methods, it can be forced 
off under an arbor press. 

Lubrication and Enclosure.—Ball bearings do not require the 
continual application of lubricants that is called for by plain bush¬ 
ings, and, to a lesser degre<*, by roller bearings, but Ibis does not 
mean that lubrication can bo neglected or done carelessly. The 
important point to observe is that none but pure mineral oils or 
greases be used, as any that show traces of aeid or alkali, or that 
may become rancid from oxidization will enus^'. etching and rough¬ 
ening of the highly finished surfaces of the baUs and races. Lu¬ 
bricants best adapted range from light machinery oils, used in 
small high speed bearings, such as fitted in magnetos, lighting gen¬ 
erators or starting motors, to the viscous grease utilized in those 
subjected to heavy loads and revolving at low' speeds as wheel bear¬ 
ings or differential bearings. Wlierever the bearing can be im¬ 
mersed in a bath of oil and properly protected from water and grit 
a lighter oil can be used, but when the bearings are housed where 
dirt or water may get in, then the use of ample quantities of vis¬ 
cous lubricant, such as vaseline or other mineral grease that is 
free from aeid prevents the foreign matter working in between the 
balls and races. Ball or roller bearings arc generally enclosed in 
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iiuch a manner that there will be no opportunity for dust, grit or 
water to enter, and if this function is properly performed the clo¬ 
sure will also be tight enough to prevent escape of oil. 

Importance of Proper Maintenance Emphasized.—Despite the 
extreme care taken in manufacture, bearings of the leading makes 
sometimes fail in service, and the motorist or average dealer, ever 
ready to eondeinn that which lie does not fully understand, iittrib- 



Flg. 403.<—Wheel Bemoved from Full Floating Axle of Motor Truck to 
Show Method of Ball Bearing Installation. 


utes the cause of failure to careless workmanship or the use of 
I>oor piaterials on the part of the producer, whereas the trouble is 
often due to condition.s which are entirely within the user’s control. 
A ball bearing must have a certain amount of running clearance, 
but in the leading types this is niucli less than in a jdain bearing, 
it being common practice to allow a radial freedom never greater 
than .001-inch. In connection with this, in single row radial bear¬ 
ings an axial freedom or end play of the inner race relative to the 
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pouter is allowed, this varying with the size of the bearing between 
tin* extrcin<;s of .0005-int*h to .005-iiieh for new bearings. Thus a 
properly made and installed.ball bearing will not deteriorate in 
tlie accepted sense of the term as applied to plain boxes; that is, 
there will be no reduction of diameter m* inoreasc in bore. If there 
is an excessive amount of axial or radial motion the cause is ad¬ 
mittance of some abrasive b(‘twe(‘n the components of the bearing 
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Fig. 404.—Chart Showing Allowances for Push Fits for Ball 

Bearings, etc. 

r 

or by overloading. As is true of any bearing, the amount of wear 
will depend upon the cutting power of the grit, the pressure the 
bearings are subjected to, and the amount of time the foreign mat¬ 
ter is between the working surfaces. 

There are places whore a certain amount of dirt and metallic 
particles are alw'ays present. For example, many cases of trouble 
in rear axle and tran.smission case bearings have been definitely 
traced to the presence of minute particles of metal ground off from 
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the gears, or sand loosened from the interior of the gear case or 
rear axle housing castings. In sliding gears, especially when oper> 
ated hy an inexperienced person, there Is a constant clashing of 
the pinions in changing speed, which tends to loosen particles of 
metal from the teeth. Tliese fall into the lubricant, and are 
churned around and often find their way into tlie hall races. The 
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Fig. i05.—Cbart Showing Driye Fits for Ball Bearings, etc. 

rapid failure of the bearing is the inevitable consequence. The 
importance of proper mounting has been so firmly impressed upon 
the automobile manufacturers that but little trouble is caused from 
improper installation in cars of reputable makes. Hence we are 
forced ho consider the user in many cases when analyzing causes 
of bearing failure. 

There is a condition that is beyond the control of the manu¬ 
facturers of either the bearings or the mechanism to which they 
are fitted, and that is the use of impure oils, and carelessness in 
washing the running gear and other parts of automobiles, Jfany 
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Flg^ 406.—Table of Standard Fits for Ball Bearings. 


cases of failure of wheel hearings have been directly attributed to 
rust caused by the indisenminete application of a stream of water 
at 40 or 50 lbs. pressure per square inch wliich is not uncommon 
in many city water mains, to the parts of the car in which they are 
mounted. Tlic water finds its way into the bearings, causes the 
highly finished surfaces of the balls and races to rtist, and the ex¬ 
treme accuracy in manufacturing and the care of installing is 
fruitless in preventing breaking down of the bearings. The user 
will not deliberately clean off the parts of the power plant with a 
hose, the evil effects of water at this essential point having been 
brought to his altention too forcibly by troubles in carburetion and 
ignition, yet the same person who is so extremely careful of the 
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motor, will spray other parts, fully as important in the duties they 
perform, with a stream of water under high pressure. 

That rust is absolutely destructive to ball bearings has been 
thoroughly proven in so many instances that the contention cannot 
be questioned. Of what value is extreme accuracy of finish of the 
balls to .0001 of an inch if the advantages accruing arc to be niiti- 
gated by^ deposits of rust of much greater thickness than the limit 
established in manufacturing. Such a condition can be as easily 
recognized by the novice as by the most expert for even if the 
bearing has been cleaned so that no ferric-oxide is visible to the 
eye, there will be a number of pits or depressions on the various 
parts of the bearings, especially at the highly finished ball surfaces, 
which are clearly evident. While these minute irregularities are 
sometimes caused by overloading and the Baking off of the metal 
which results from this condition, if due to causes other than rust 
and acid, the roughness would’be confined to the ball tracks, where¬ 
as excoriations resulting from chemical action will be in evidence 
on all parts of the bearing. 

It is a known fact that many oils and greases contain acids or 
alkalis, either as a necessary component of their chemical composi¬ 
tion (as in some animal fats that contain stearic acid); as a part of 
some filler used to adulterate the oil or alter its viscosity, and some¬ 
times as a residue of home of the processes of purifying that ob¬ 
tain in refining from the crude product. The presence of acid in 
lubricants will cause an etching with irregular edges, in contrast 
to the clearly defined rust marks. A good lubricant for bearings 
is a slush made of pure vaseline and lighter mineral oil this being 
heated to make its viscosity less and enable it to penetrate all 
parts of the bearings, no matter how minute the spaces. When 
the bearing has been dipped in this and allowed to remain long 
enough to permit the oil to reach all parts, it is taken out and al¬ 
lowed'to cool and the surplus lubricant is wiped off the outside. 
Such a mixture will stay in place and will not run out like lighter 
oils, and at the same time its viscosity is not so high that it will 
produce unnecessary friction. 

How Bearings Should Be Cleaned before Examination.—An¬ 
other point that can he criticized is the common method of clean- 
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Pig. 407—JUustrating Constructaon of toumja and ExUrnal Brakes. 
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ing ball bearings in the average car repair establishment or ma¬ 
chine shop. They are often dipped in dirty gasoline in which old 
gears and other parts have been previously cleansed, and this ma¬ 
terial is often so full of metallic particles, that as soon as it is 
stirred up enough to disturb the sediment, instead of having a ^ 
clean bearing, one has filled it with deleterious substances witiiont 
knowing it. A simple solution of common washing soda and hot 
water, such as is used in many shops for cleaning greasy parts and 
assembled bearings at tlie completion of the manufacturing process 
offers important advantages. This can be easily made by taking 
about a handful of tl)c soda to the pail of boiling water. The 
cleaning agent should be kept nearly at Iwiling })oint while in use. 
Tlie bearings arc )>hieed in a wire basket, or bung on a wire and 
dipped in an alkali .solution a few times to remove all dirt; then is 
they arc immersed in clean kerosene and given a swirling motion 
to have this material thoroughly clear out all traces of the soda. 
The bearings sliould not be allowed to remain in the wash more 
than a few minutes at the most, and a few dippings are all that 
is necessary to clean them out thoroughly arid cut all the hard ami 
rancid grease or rcinove any metallic diist, present. After examina¬ 
tion of used parts, if the bearings are clean, the surfaces bright 
and there is not too much looseness, they are in good condition. 

A little attention given to careful inspection and consistent lu¬ 
brication of bearings will be amply compensated for by the in-y„ 
creased service obtained and augmented efficiency. The important 
rules upon which efficient ball or roller bearing service is based 
can be summed up in a very few words. 

First, inspect the bearings from time to time and see that they 
are clean, and the lubricant docs not contain foreign matter, cs-< 
pecially in gear boxes and differential casings. 

Second, be careful in supplying new lubricant that it is free 
from acid, alkali, vegetable or animal fillers or other deleterious 
substances. 

Third, when installed in exi)osed parts of motor cars, be careful^, 
when washing not to direct the stream of water directly against 
bearing honsings of the parts. 

Brake Forms and Adjustments. —The brakes used to retard 
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Victor car motiou are a part of tlie car that are not only used, but 
which are often apt to be abused. Brakes arc of two general forms, 
the internal type as shown at Fig. 407, A, and the external con¬ 
stricting band type as cxeniplificd by the outer brake of the assem¬ 
bly shown at Fig. 407, B. Internal brakes may be either metal 
shoes that are in metallic contact w-itli the brake drums attached 
to wheel luibs when applicil, or iiiember.s fac'cd with some asbestos 
frictional material which can be replac.ed when worn. The internal 
brakes may be cam expanded as tlic forms .sliowii at A arc or may 
be worked by a w'cdge expandiT as the internal brake, expanders 
of the assembly show’n at B. As a rule no adjustment is provided 
on cam expanded brakes in the brake construction itself. On ex¬ 
ternal brakes, means of adjustment are usually included. 

"WJieri full movement of a hand lever or ]M<lal fails to engage 
an internal brake the first step is to remove the wheel to make sure 
that the slipping is not duo to deposits of grease or to worn brake 
facings. If the brake facing i.s ch'an and not worn uudniy, the only 
practical means of adjustment is by tiglitmiing up on the oporaling 
linkage. This is easily done hy sliortoiiing the brake control rod. 
In the construetion sliown' at Fig. 408, B, this is easily accom¬ 
plished by turning up on a turnbuekle .s(*t into tlio brake rod. In 
all eases, ev«'n if the turnbuekle is not provided, the clevis at the 
end of the rod may bo screwed up fiirtlier on the rod which has. 
the same effect as shortening the rod hy a turnbuekle would have. 

Care should be taken in adjusting brakes by altering the length 
of the brake rod to have the brakes on both wheels take hold at 
the same time. In the construction shown at Pig. 108, A, this may 
be done by unloosening the clamp bolts and sotting the lover oper¬ 
ating the right brake at the proper point in the slot of the master 
lever which also operates the left brake. On an external brake of 
the form shown at Pig. 408, C, the means of adjustment is readily 
perceived. "With an external constricting brake it is merely neces¬ 
sary to reduce the circumference of the brake band by screwing* 
up an adjustment to provide for minor depreciation of the brake 
lining. 

On the Overland cars, when it is desired to adjust the brakes- 
this is easily done by loosening a damp bolt passing through the 




Fig. 408.—Showing MethodB of Brake Adjustment. 


lever to which the rod is connected and a slotted actuating member 
pinned to the shaft employed in operating the brakes* It is merely ^ 
necessary to rock the member over so that the brake parts will be 
nearly in engagement with the brake lever or pedal fully released 
and then to maintain adjustment by screwing the operating lever 
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tightly against the actuating member with the clamping bolt. Suf* 
flcient range of adjustment is provided to take care of all brake 
slippage other than that causi^d by worn brake lining. This method 
of adjustment is clearly showu at Fig. 408, D. 

Expanding brakes are harder to fix than constricting brakes es¬ 
pecially if. they are of the solid shoe form and not provided with 
frictional material. The first step in examining the internal brake 
is to remove the wheel which is done with a wheel i>iillcr hs shown 
at Fig. 409, A, if the rear construction is of the semi- or three- 
quarter floating type. The full floating wheels may be removed as 
shown at P^ig. 398. When the brake shoes are of the solid cast 
form an adjustment for depreciation may he made, as showu at 
P'ig. 409, D, providing some of tlie w(‘ar is at the point where the 
cams act to .spread the brake shoes apart. It is passible to put a 
thin piece of hardened steel on the worn end of the shoe by using 
dowel pins or flush headed screws. This spreads the brake shoes 
out slightly, the amount of spreading, of course, dej>ending upon 
the thickness of the applied pieces and makes it possible to bring 
the shoes into positive engagement with the brake drums with but 
small movement of the expanding cams. If the brake shoes them¬ 
selves are worn and it is not easy to 8<‘cure new ouea, the surfaces 
may be restored to efficiency by tlic application of thin sheet brass 
or steel, which mabTial is firmly held in place by I’ivets and which 
has the effect of restoring the worn segment or shoe to its original 
contour. "When pieces are applied to the brake shoes care should 
be taken in refitting tlie wheels that the shoes do not bind against 
the drum when the brake leverage is released. Any high spots 
existing must be smoothed off with a file in order not to heat up the 
brake drum through useless friction when the car is in operation. 

A typical brake assembly is shown at Fig. 409,1). This is used 
on some models of the Cadillac oar and consists of an internal ex¬ 
panding band and an external constricting one. Adjustment of 
the service brakes is made by turning the screw S which is on the 
hack of the brake carrier until the part of the band opposite it. ia 
brought as close as possible to the brake drum without touching it. 
Next adjust the nuts T on the eye bolt until the lower half of the 
baud lining just clears the drum. The nut V on the upper end 
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of the eye bolt is so adjusted as to bring the lever W to the posi¬ 
tion sliown in drawing when the brake is applied. Witli the brake 
released the elcarance between the lining and the drum should not 
be over if more cleaninco exists it may be reduced by 

the set screw X in the rocker lever Z. 



Fig. 409.—Hluts on Adjusting Internal and External Brakes. 


The internal brake is constructed to be adjusted for clearance 
between the internal band and the drum without removing the 
wlyeels. Jack up the axle so the w'heel will clear the ground to 
permit revolving it by hand. A cover A will be found on the 
brake drum which can be removed by unscrewing the lock nut B 
and turning the holt to the left about a quarter turn until the 
clamping bar D is released. Next rotate the wheel until the open¬ 
ing registers with the adjusting screw E carried at the back part 
of the brake band or at the point opposite the expanding toggle 




meclianism. Turn tlic screw E until the part of the brake lining 
opposite it is brouglit as close to Ibe inner surface of the brake 
,<lnim as possible without touching it. Turn the wheel until access 
is obtained to tl3c six locking screws N and loosen these. This is 
{’.one bv bringing the opening in tlie brake drum opposite each screw 
in turn and turning these with a suitable socket wTcnch. Then 
(urn the two adjusting 
screw's F F which have 
right liand tJireads on 
<»no end and left on 
the oilier until the cen¬ 
ter of the pin G stands 
about tUreo-<|uavt(?rs of 
an inch back of an im¬ 
aginary vertical line 
drawn throiigli Hie cen¬ 
ters of llic tw'o i)ins 
TI II when the brake 
is applied. With the 
])rake reloas(Kl adjust 
the screw I in the lover 
d and the slop screws 
K K until the lower 
and upper parts of the 
brake band lining clear 
tJio drum by about 
'/[ 2 -inch. Tlie three 
coil springs M should 
have sufficient tension 
to hold the brake band 
sideways and against 
the stop screws K K so 

it will not rattle. It 410.—Simple rixture to FacUltate Elvet- 

is important that the Ing Brake Lining to Steel Brake Bands, 
screws M be locked 

after completing tlio work, also that the cover in the opening of the 
brake drum be replaced and fastened securely. 
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If the brake lining is worn it should be removed by chipping 
off the rivets and driving them out of the hole in the brake band. 
A piece of new lining is cut to the proper length and holes are 
drilled through it to coincide with those in the brake bands. The 
best method is to drill only two holes at a time and fit the lining 
carefully to one end of the brake band, then drilling in the next 
two rivet holes and after the lining is securely fastened in place to 
go on to'the next rivets. It is important to use copper rivets hav¬ 
ing reasonably large heads that will not pull through the material 
and to countersink the material enough so the rivet heads will be 
firmly embedded below the surface so as not to come in contact 
with the brake drums. Some cases of slipping brakes have been 
traced to projecting rivet heads which did not permit the friction 
lining to come into contact with the brake drums. 

A simple fitting which can be placed in an ordinary bench vise 
for riveting against is clearly shown at Fig. 409, B. This is an 
ordinary steel drift having a fiat point of the same size as the rivet 
head. The fitting shown at Fig. 410, A, may he placed In a common 
vise or may be formed to fit the pritchell hole in an anvil. Tliis 
piece may be made of mild steel though the punch H which is the 
same size as the rivet head can be made of tool steel. The body of 
the tool is fiattened out on the under side where it rests on the an¬ 
vil or bench vise top and is left oval on the top. A •)4-inch hole is 
drilled in the top and tool steel punches of the form shown at H 
may be driven in place, some arrangement being made by which 
the punch may be driven out and replaced by a new one if it be¬ 
comes broken or by one of smaller size if different rivets arc used. 
A hammer and an ordinary rivet set are used to set the rivets as 
shown in the lower portion of the illustration. Copper rivets are 
easily headed up and neat heads may be formed without trouble. 
Never use iron or steel rivets for holding brake linings in place as 
projecting heads may wear grooves in the brake drums. The only 
remedy for grooved brake drums or members that have worn thin 
is replacement with new ones. 
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WHEELS, RIMS AND TIRES 

Wood Wheel Constniction—Houle Wire Wlieol—^Dunlop Wheel—^Rudg^-Whit- 
worth Wire W^heel—Solid Tire Forme—Pneumatic Tire Construction— 
The Cord Tire—Rime for I’neumatic Tires—Tools for Tire Repairs— 
How Tires are Haudled—Small Vulcaui2ers—Shop Tulcanizing Equip¬ 
ment—Supplies and Materials for Tire Repair Work—^How Tires Are 
Often Abused—Why a Tire llcpreciatcs Rapidly—Water Rots Fabric— 
Tire Repairs—Replacing Valve Stems—Simple Casing Repairs— 

Casing Repairs Made from Inside—Retreading and Rebuilding 'J’ires— 
The Dry Cure Method—Air Pressures and Carrying Capacity—Increase 
in Pressure by Heat—Carrying Capacity of Solid Tires—Metric Sizea 
and American Equivalents. 


The repairing of automobile tires is work tliat is usnally left 
'to the specialist wliereas it can he very i)rofitably done by the aver¬ 
age garage man if tiie necessary equipment is installed. The tools^ 
supplies and apparatus needed are not expensive and the skill re¬ 
quired is much less than that needed to do the mechanical work 
incidental to the repair of the engine and other vehicle parts. Be¬ 
fore considering the subject of tire repairing it may be well to re¬ 
view briefly the various forms of wheels and tire retaining rims on 
which the tires are mounted. The tire repair processes will be con¬ 
sidered from the point of view of those who desiri- to make only 
temporary repairs or take care of roadside accidents as well as in¬ 
cluding the more complete instructions necessary for making per¬ 
manent repairs by vulcanizing processes. The equipment illus¬ 
trated for doing the work is typical and has proven satisfactory in 
practical use. 

Wooden Wheel Construction.—The most popular form of 
wheel to have received general application on all classes of auto¬ 
mobiles is the wooden spoke member of the same type as used on 
gun carriages and for that reason termed the artillery wheel. Vari¬ 
ous steps in making the parts of the wheel and also the processes of 
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Fig. 411.—Showing Steps in the Oonatniction of a Wooden Automobile •* 

Wheel. 


■wheel assembly are shown at Fig. 411. The spokes are turned from 
a tillet as shown at A at the top of the illustration, the successive 
operation being shown at B in which the spoke has been turned 
approximately to size on a special turning lathe. The operation is 
called club turning because of the shape of the stock after it leaves 
the machine. The way the elliptical section is obtained is by having 
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movpblo centers and a cam motion to move the lathe heads in and 
out. with respect to the cutters so as to get the section desired. The 
next operation is mitering down the t)ig eud as shown at C and then 
passing it over a planer to have the wedged shape end of uniform 
thickness, as outlined at D. The next step is to tarn the tenon at 
the upper end which fils into the wheel felloe. 

The felloes arc made by bending special jneces of stock (Vhich 
has been steamed) by a form of clamp and introducing a spacer 
rbetMTen the two ends in order to secure tlie desired curvature.' The 
bent blanks arc koi>t in the form shown at B for a period of time 
and placed in drying kilns. After removal from the kiln they are 
held by a strip S for a lime after wliich the strip is knocked off 
and the felloes sawed to the proper form. Tlie pieces D arc planed 
on both sides ajul also finished on the cmwed surfaces ih order to 
smooth them, followed by an operation to drill for the spokes with 
a special macliinc. The next step is to smooth the felloe member 
carefully on the inside, then to sand paper off the sharp corners 
^between the spoke holes. The felloe stnp.s arc then taken to a 
special machine which cuts the ends with proper relation to the 
spoke liolcs so the wheel may be assembled. The last operation ia 
spot facing which is a form of counter boring on the inside of the 
felloe where the end of the si^oke comes in contact wdth it. 

The first stage in assembling the wheel is shown at A in tho 
lower portion of the illustration. Here the spokes are driven inta 
the felloe and when the two halves of the wheel are available they 
are placed in a special machine which clamps the spokes and tha 
felloe baud tightly togctlier. While the wheel is in this machine 
a dummy hub is put in place and tightly clamped as shown at C. 
The function of this is to keep the wheel together during the as¬ 
sembly process. Wlien the wheels have been clamped they are 
taken to an operator who cuts the joints in Order to provide for 
the shrinking of the steel rim. The clamped wlieol is taken over 
to a special table whore the rims are placed on them. The rims of 
' steel are heated by a scries of gas flames which play upon all por¬ 
tions of a steel rim or band until this lias been expanded enough so 
the wheel can be readily inserted. The rim is dropi)cd over one of 
the nnriinmcd wheels as shown at C and placed under a heavy press 
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■which forces.the steel rim to its proper position on the ■woodeia 
felloe. Alter the rim bus been shrunk on, the false hub maV be 
removed as the rim keeps the •wheels together. The center is then 
bored out and a finishing cut taken on botli sides of the spokes at 
the hub. The wheel is then carried to a drill press of the multiple ^ 
spindle type which makes all of the holes for the brake drum or 
hub flanges. The final assembly process is to put the hub flanges 
in place and bolt them up. 

A wooden wheel is not subject to damage or depreciation froni^ 
use unless the car has skidded into a curb or hit some obstacle that 
will tend to knock the wheel out of true or break some of tlie spokes. 
As a rule, broken spokes can only be inserted by a wheelwright or 
one familiar with the manufacture of wheels. In cases where only 
one or t'vn spokes are broken it is possible to insert new ones by un- 
bolting the hub flanges and drilling out the broken end of the 
tenon pin that remains in the felloe. The new spokes, wliich may 
be made by hand in an emergency, are easily inserted in place of 
the damaged ones and the wliecd assembly again clamped together 
between the hub flanges. In some cases, after a car has been used 
for a time, especially in dry sections of the country, considerable 
slack or looscmc8.s may exist between the bub flanges and s])okes and 
also between the spokes themselves. No trouble will be experienced 
from tins source if a car is washed frequently because the water 
will prevent the spokes from shrinking away from the hub flanges.^ 
Even if the looseness is noticeable, which is a fertile source of 
aqueaking noises coming from the wheels while they are in service, 
in many cases the spokes may be swollen enough by soaking the 
wheel well with water to correct the trouble, 

A simple method of overcoming this difficulty when the soaking 
treatment does not correct the fault is shown at Pig. 412. If the 
work is carefully done a badly racked wheel may be made capable 
df giving considerably more service. The hub is shown in the sketch 
with the flange removed to expose the mortised ends of the. spokes 
to view. This may be easily accomplished by removing the nutai 
from the bolts and prying the hub flange away from the wheel. 
The lost motion between the spokes can be taken up by driving thin 
•wedges of sheet steel into the open spaces though in some cases 
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when the spokes are very loose hard wood wedges may be driven 
in. In making the wedges they should be shap^ straight with n 
short taper at the end to facilitate driving them in place. It is 
said that if made with a taper their full length that they will have 
a tendency to work out. Before driving the wedges in place they 
should be covered with a coating of glue and after all the wedges 
necessary have been inserted the jirotruding edges can lie cut oft 
with a chisel and the ends smoothed dowm flush with tlie spokes. 
Before replacing the 
hub flange the center 
of the wheel should bo 
covered with a coat 
of priming paint. Ob¬ 
viously, the wedges 
should be as wide as 
the thickness of the 
spokes and only sufB- 
ciently thick to take up 
the space existing be¬ 
tween the spokes. If a 
wheel is not very loose, 
wedges 1,2, 3,4, 5, and 
6 are driven into place, 
though in very loose 
wheels another set of 
wedges numbered 7, 8, 

9,10, II and 12 should 
be used to All the re¬ 
maining space. It will 
be apparent that the bolt holes must he cleared out with a drill after 
the wedges have been driven in. The flnal operation is to replace 
the hub flange and bolt it tightly in position. It will be found ad¬ 
visable to burr over the projecting ends of the bolt after the nuts 
are screwed down tightly in order to prevent the nuts from back¬ 
ing off. The wheels of some cars are held together by rivets in¬ 
stead of bolts. As the heads of the rivets must be sheared off with a 
cold chisel to permit removal of the flange, new rivets must be in- 



Flg. 412.—Method of Using Wedges to Take XTp 
Looseness Between Spokes of Wooden Wheels. 
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sertcd by a process of Jiot riveting when the wheel is again as- 
fieml)letl, taking care to use a rivet set in order to make a properly 
shaped head. 

Honk Wire Wheel. —JIaiiy recent models of automobiles will bo 
found e<iuii)ped with wire wheels of some form oi’ other. Improve¬ 
ments have been made in the method of lacing wire wheels so that 
the forivs used for automobiles are very strong. This is due to a 
method know'n as triple spoke lacing as this provides a combination 
that permits tlie wheel to supjiort radial, torsional, side thrust, aral 
shock stresses in a much suiierior inamier to the old double spoke 
lacing formerly used on light automobiles and ^widely ai)plied on 
bicycles and motorcycles. l*ractically the only trouble that can oc¬ 
cur in a wire wheel is breakage of the spokes and ns most wire 
wheels are of readily detaclmble form it is only necessary to re¬ 
move the defective members and replace them with new spokes, 
care being taken not to tighten the spoke nipple unduly and thus 
pull the rim out of true. The rims of the wire wheels used on auto¬ 
mobiles are for the most part very strong and arc not so likely to 
be pulled out of true as the lighter rims of bicycles or motor¬ 
cycles are. 

If a. large number of spokes are broken as might result from a 
collision or other accident it will be advisable after replacing the 
spokes to true up the rim. This is done by revolving the wheel 
and holding a piece of chalk or crayon nearly against the wheel rim 
to indicate the high points wjicre the wheels run out. These points 
may be eliminated by screwing in on some of the spokes and loosen¬ 
ing on others until the wheel runs true. This requires .some de¬ 
gree of skill but, can be easily accomplished after a little practice. 
The spokes are usually of high tensile strength steel wire having a 
button head at the low^cr end where they fasten to the hub and a 
threaded upper end whieh screws into the nipple which draws the 
spoke taut and which fits in u countersunk hulc iu the steel w'heel 
rim. 

A typical triple spoke wheel of Ilouk nianufaelure is shown at 
Fig. 413, A, while the method by which it is fastened to the master 
hub is clearly shown at Fig. 413, B. Most wire wheels are made 
so as to be easily detachable from a master hub wliieh is not re- 
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moved from the wheel spindle or axle and which i^ supported by 
the bearings or axle shafts. The wire wheel is built up with an 
auxiliary pressed steel hub as a basis which is provided with a 
scries of holes to fit over driving pins attached to the flange of the 
master hub and whieli is formed on the inside with two tapered 
seats, the angle of the tapers being opposed to each other. One of 
the male tapers forms part of the master hub wliicli is sl»wn at 
B in place on flic front wheel spindle while tlu; other male taper ia 



Fig. 413.—The Houk Detacbahle Wire WheeL 


on the locking nut. When the lock nut is screwed onto the 
threaded end of the master huh, which is sometimes termed the 
inner or fixed hub, it forces tlie female taper on the inside of the 
pressed steel wheel hub against the male taper on the master hub. 
The torsional force is applied to the wheel through silbstantial driv¬ 
ing pins which engage with registering lioles in the hub flanges. 

These drive pins as wVll as the hub are treated with a special 
rust-proofing process and the pins arc nickel plated, rendering cor¬ 
rosion or sticking of the parts difficult. If tlic wheels have been 
kept on for a time and have not been disturbed it is likely that 
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some trouble may be experienced due to rusting of the pins as even 
the nickel plating will not protect these at all times. The rust may 
be easily cleaned off when the wheel is removed and a repetition 
of the trouble avoided by greasing the pins liberally before the 
wheel is again replaced on the master hub. The construction of the 
automatic locking nut which is* a feature of tlie TIouk wheel is 
clearly shown at Fig. 414. The hub at A is a roar hub attached to 
a semi-floating drive axle while that at B shows the conventional 



Fig, 414.—Showing the Automatic Locking Nut Employed on the 

Houk Wire Wheel. ^ 


arrangement for a front wheel or the hub of a full floating rear 
axle. These nuts are threaded for a loose running fit on the thread 
and have their conical end slotted into segments which allows a 
slight compression when forced into the conical seat of the hub 
shefl. By viitue of the fact that the nuts are threaded loosely on 
the master hubs there is a difference in the circumferential length 
of the thread. If the nut is not drawn up tightly througli neglect, 
the wheel supporting the weight of the car would bear upon the 
nut and as the wheel and hub turn wlien the car moves forward 
*he nut must turn by a sort of epicyclic action which will cause the 
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threads to wedge together under the pressure of,the load and after 
the manner of a cone clutch prevent slippage between the threads. 
Tliis forces the nut to lag behind the angular travel of the hub 
parts and consequently to screw' itself tighter on the threads when 
they are properly positioned on the car. On the right hand side of 
the car the hubs must he provided w'ith left hand threads while on 
the left liand side the hubs liave right hand threads. •When the 
nuts are once in place there can be no creeping action, as they 
clamp tightly doAvn 07i the main thread owing to the slight com¬ 
pression of. the segments in the conical end of the hub. 

Dunlop Wheel. —The Dunlop wlicels which are shown at Fig. 
415, have attained groat popularity in Europe and arc now being 
used to some extent in this country. This wheel is very quick in 
operation and is locked in place positively as soon as installed. 
The inner hubs are made of bar stock for the front wheels and drop 
forgings for the roar, no castings being employed. As is true of 
all wire wheels, the hub is composed of two pieces, one, which is a 
master hub intended to remain in permanent assembly with the 
supporting bearings while the outer or removable hub to which the 
spokes arc fastened is readily detachable. The outer hub is pre¬ 
vented from turning on the inner one by serrations or teeth which 
are located near the conical surfaces at the inner end of the hub. 
These teeth are external on the inner hub and internal on the outer 
and are formed to fit between each other. The engaging portions 
of the teeth are rounded oft to enable them to slip easily in mesh. 
A second conical surface at the outer end of the outside hub rests 
on the hub cap, which is locked in place in t) e outer portion so 
that it cannot drop out when that part is removed from the inner 
hub, but at the same time it is free to turn in order to screw on the 
inner portion. As the locking of the hub cap from unscrewing 
determines the safety of the wheel from coming ofi this is an ad¬ 
vantageous point. ^ 

A cup shaped member is placed inside of the outer end of the in¬ 
side hub, this is kept from turning in the hub by serrations similar 
to those between the tw'o portions of the hub, but is free to slide in 
and out within certain limits and is normally pressed outward by 
a coil spring. At the outer end are more serration^ formed to fit 
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Fig. 415.—Sectional View Sliowing ConBtraction of the Dunlop Quick Detachable Wire Wheel. 










nuage-n mi'worifi 


in correspontling parts in tlie hub cap. This lock is held out of 
engagement ■while the wlicel is being attached or detached by an 
attachment to the wrench. Immediately upon the removal of the 
wrench it is pressed in contact with tJie hub cap and if not al¬ 
ready in position to engage it will come in to the locking position 
if the hub cap tnrns one-sixth of a turn. A special wrench or 
spanner is needed for handling the Dunlop wheels. This is of 
ordinary box wrench form except lliat it has ])awls or latches which 
engage in a groove at the ontcr end of the hub caps to hold the 
wrench in place and a bridge across the middle which carries a 
quick acting screw to <1(‘|>rcss tlie locking d<*vice on the inner hul). 
]n removing the wlu'cl the wrench is snapped in place on the hub 
cap and the central screw lui’iied dowji 1o I’elease the locking piece, 
which permits tlie liuh cap to he turned oft’ easily. In attaching, 
this screw should he turned down also in order to prevent the lock 
from taking hold lioforc the cap is fully screwed home. After the 
locking cap is forc(‘d in }>laee the Ifick should be released before re¬ 
moving the wrench and the nut turned till tlic lock engages so as 
to prevent even the slight looseness that would result if the lock 
sliiiped back into llic next notch. The lacing of the spokes is in 
three planes like the. spokes of the Rmlge-AVhitwort.li wheels w^hieU 
are made imtler the same i>atent. TJie sectional view through 
the end of a rear axle fitted with Dunlop wii’e wheels is shown at 
Fig. 415, A. As Mill be evident, the master or inner liub is carried 
by a combination double and single row hearing mounting, the, 
double row form being clamped to take tlic end thrust on the 
wheel. The axle is a floating type, Die bearings being mounted on 
the tubular housing of the live or driving axle. A similar con¬ 
struction is used for the front wheel which is shown at Fig. 415, C. 
The method of lacing is outlined at B. 

Rudge-Whitworth Wire Wheel.—The construction of the 
Rudge-Whitworth wire wheel, which is a very popular form, is 
shown at Fig. 416, A, while an enlarged sectional view of the wheel 
hub construction is shown at B. These are triple spoke wheels con¬ 
sisting of a removable outer bub and a master hub mounted on ball 
bearings. In the illustration the permanent hub A revolves upon 
the plainly indicated ball bearings while B is the wheel hub. The 
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driving teeth or serrations are indicated at C. These are usually 
about ten in number to each circumferential inch. The wheel nut 
D is circular in form and has notches cut from its circumference 
to engage with projections from a special spanner when it becomes 
necessary to revolve it. 

This nut has a locking ring L on its inner end and an angled 
groove N between the nut and locking ring. When the nut is re- 



Fig. 416.^ Sectional View, Showing Oonatniction of Budge*W]iltworth 
. Wire Wheel. 


volved to the right it drives the wheel up into the permanent hub 
while revolution to the left withdraws it. A large screw plug E is 
previded.for lubricating the bearings of the wheel. The locking 
device of^the Rudgc-Whitworth is said to be “meddle proof.” It 
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^ will be seen that there is a steel cap M fixed on the outer end of 
tlie wheel hub and that this has a female ratchet G £ut in the ends. 
This ratchet has to engage a pawl mounted on a small bolt well 
secured to the wheel nut. The pawl is kept in engagement by a 
spring. These parts form the automatic part of the lock. A 
spanner is employed to move the wheel which has an opening to 
suit the wlieel nut but it cannot be placed tliereon until % small 
lever which forms part of a lock is swung around so the pawl 
it carries engages in a depression, in which case the spanner can 
be easily put in position. The nut may be revolved freely until 
the wheel is detached. In tightening the wheel into position the 
spanner must be turned until the wheel is completely in place and 
then if the word ‘‘safe’* is not exposed in the opening, a few strokes 
with a mallet on the end of the wrench will insure absolutely cor¬ 
rect seating. The direction of spanner rotation should not be re¬ 
versed when the wheel is being attached as this disengages the 
lockingi pawls. 

Solid Tire Forms.—Practically all commercial vehicles of over 
1500 lbs. capacity are equipped with solid rubber tires. A number 
of electric vehicles, even some forms designed for pleasure pur¬ 
poses are fitted with cushion tires. A number of representative 
forms are ahow'n at Fig. 417. Solid tircjs may be of the permanent¬ 
ly assembled or quick detachable types depending upon the pref¬ 
erence of the truck user. The driving wheels of motor trucks are 
sometimes fitted with diial tires in order to secure greater carrying 
capacity without using excessively w ide and expensive tread mem¬ 
bers. The basis of most solid tires is a ring of steel which has pro¬ 
jecting portions to which a base of hard rubber is vulcanized. This 
base of hard rubber makes for secure attachment of the tire which 
is composed of an especially tough rubber compound. In the per¬ 
manently assembled forms of tires, the metal base member is ma¬ 
chined so that it can only be installed on'the wheel rim by pres¬ 
sure from a hydraulic press. This means that tires can only be 
installed at stations where the press facilities are available. The 
fdrm of tire shown at B has many advocates because it can be 
easily installed without expensive tools. In this form the metal 
base member integral with the tire has beveled edges which rest on 
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tM>rresj)oii(liTigly bcvelotl flange members drawn tigbUy in place by 
bolts which pjrs through the wheel felloe and which hold the re¬ 
taining flanges firmly in place. This method of constrnction is a 
l>opular one when twin tiros are employed as shown at B and F. 

Tlie cushion tiros are usually designed to provide uiore resili- 
ojicy than is available wilh tlie solid tires. The usual metliod of 
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Pig. 417.-^Defining Construction of Solid and Cushion Tires and Methods 

of Betentlon to the 'Wheel Bim. 


obtaining this elasticity is to form the tread in some shape that 
will deflect or distort appreciably under load. The cusliion tire 
shown at C has the tread portion supported hy ribs which may 
give to some extent when the tire passes over a stone or other small 
obstruction* that the solid tire will ride over. In the cushion tire 
shown at D, resiliency is obtained by making a large number of 
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tiolcs in the tire. Re])airs to solid tires can best be made at the 
factory where they are produced and these are selflom necessary 
unless the tire has been cut by accident As a rule when a solid 
tire wears down the only practical remedy is to replace it, as it is 
not susceptible to retarding as the pneumatic tires are. 

Modern Tires Are Well Made.—There is an impression obtain¬ 
ing with motorists, and even wilh many engaged in the industry, 
that tire ex})ense is an element in automobile maiiitenauee depend¬ 
ing more upon good fortune than any care of the tire mannfaeturerF 
in producing good tires, or in the motorists using reasonable judg¬ 
ment and care iii driving, and taking preeautions that the shoes 
will ieej‘ive the same atloutioii given other components in the vehi¬ 
cle. The average person, wlmlher trailesinan or layman, seldom 
eonsidiTs the enoi Tnuiis str<*.ss('s to wdiieli tires arc subjected on even 
the lightest of ninahmits and 7notor<;ycleK, and as a gen(?ral rule 
after shoes are fitted to the rims, th(*y are forgotten until abuse 
or careh^ss driving causes sinhlen end to their usefubiess. Natural 
w’ear may make re])laceinent necessary and w’liilc the American 
'’maniifactin'ers of tires are producing types that are enduring and 
practical, with even tl\e best of care the tii’e nnist eventually wear 
out. Some standard tires may be better than others, but all arc good 
and wdll give satisfactory service if i)roperly used. The fact that 
the efficient motor ear of to-day wcjuld not be possible or practical 
, without the resilient support and ijicreased tractive alfort given by 
the pneumatic tire is not often considered, and tires arc regarded 
as a necessary evil, though they are really one of tlie most essen¬ 
tial and hardest worked components of the motor vehicle. 

It is not intended to go into the details of tire manufacture, 
»or to compare one form with another, as the actual methods of 
construction are of little concern to automobilisls and those in the 
trade; and instead of a review of tlie technics of tire manufacture, 
the writer desires to give some practical information relative to 
the processes of repairing tires found to be satisfactory in appli¬ 
cation, based on experience gained in both factory and shop. Such 
detail is seldom published and many motorists and repairmen as¬ 
sume that automobile tire repairing is a mysterious occupation that 
is beyond their comprehension. Not only among automobilists, but 
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throughout the greater portion of the trade as well there is no verj^ 
clear conception of the processes or the careful manipulation 
necessary to repair tires successfully. 

Construction of Tires.—Wliile much advice has been given rela¬ 
tive to the care of tires it will he well to speak of some causes of 
deterioration, and for the better knowledge of the uninformed 
reader the conventional methods of tire making and the qualities 
of the materials used arc outlined. Tiic principal materials in 
vehicle tires are rubber compounds and textile fabrics, and every 
factory has its own peculiar processes of combining these to form 
the finished tire. Practically all tire manufacturers procure the 
fabric from firms making a .specialty of textile products, hut gen¬ 
erally any concern mauufaetnring rubber goods prefers to use those 
special compounds which experience has shown are best adapted 
for the appliances they iriamifacture. Tlie liasis of all tires is 
undeniably fabric and crude rubber, both of wliich are of vege¬ 
table derivation, the best fabric being of Sea Island cotton, wliile 
the caoutchouc, or India rubber, is the product of a great variety 
of trees, vines and shrubs, most of wJiich grow in the torrid zone." 

The substance which gives the modern tire its strength is the 
fabric forming a basis for attachment of the rubber, and while 
many materials have been tried, among them silk, wool and linen, 
ootton alone combines most of tlie required qualities. Before in¬ 
corporation in tires this fabric is thoroughly dried and' impreg-. , 
nated with rubber. Nearly all tires are formed or built on cores 
and are composed of layers of fabric and rubber. 

At Fig. 422, A, a*sectional view of a “bolted-ou tire^* is shown 
which will serve to illustrate the manner in which a tire is built 
of layers of materials. The outer layer is specially tough rubber^ 
knoM'ii as the tread, of such composition it is strong and specially 
adapted to resist abrasion, firmly attached to two layers of fabric, 
hnown as breaker strips, which rest on another, layer of softer and 
more resilient rubber than that of which the tread is composed, 
termed the cushion or padding. The main body of the tire consists 
of layers of the frictioned or rubber impregnated fabric, the num¬ 
ber of plies varying with the size of the shoe. In the base of the 
tire are incorporated hard rubber and fabric fillers to make the 
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structure of maximum strength. These successive layers are then 
put into intimate relation by vulcanization. * 

Cause of Deterioration.—It is evident the pneumatic tire is a | 
combination of materials that in themselves are not, specially en¬ 
during, and it is not reasonable for one to expect lengthy service 
from a tire. In considering the causes of deterioration we will 
assume the tire is a staixdard product of a reputable maker whose 
processes of manufacture climinafo defects which might result from 
poor material or workmanship. If the shoe is poorly made it will 
heat and the layers of fabric and rubber w’ill separate, or the side 
w'alls will crack; if the wall is loo thin or of insufficient strength it 
will blow out, tear or cut, and at the other hand if there be too 
much fabric used and the walls are too thick, the flexibility is re¬ 
duced, the diffieulty of bending under Uiad is increased, the side 
walls are forced to assume sharp angles and the. fabrics will be 
ruptured. If the tire he not properly vnlcanized, the layers will 
looswi from each other* and if the rubber compound is not right 
deterioration will be rapid. If the tire is cured too long its life 
will be short, because the pr(K‘ess has changed the chemical com- 
j)ositioa and physical characteristics of the materials employed. It 
w'ill be evident that if one regards only the product of experienced 
makers that faults due to poor construction and material cannot 
be logically considered. 

Perhaps the most common cause of tire deterioration is abuse 
by the user, and on the other hand there are unavoidable caiises, 
such as punctures or hard service. Overloading and insufficient 
inflation are the two most common causes of poor tire service, and 
it is seldom that the motorist observes the most simple requirements 
that will insure satisfactory lire life. Each size of tire is designed 
by its makers to carry a certain weight which should never be ex¬ 
ceeded, and if the weight'schedulc is followed in designing or equip¬ 
ping a car, good results may always be expected from tires, pro¬ 
vided they are not otherwise abused. If the shoes are overloaded 
reasonable service cannot be expected, as no tire, no matter how 
well made, can continually resist the internal pressure necessary 
to keep it inflated enough to support the load when of insufficient 
capacity. 
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The most important advice given the purchaser of tires is to 
keep them propcVly inflated, and its value cannot he overestimated. 
More tires become useless from use with too little air pressure than 
all other causes combined, and while most drivers assume they have 
sufficient air in the tires they use it is a fact they habitually use 
tires that are not properly filled. The tire should contain air 
enough so that it sliows but little change in form when the car is 
standing on a hard surface under full load, and even under these 
conditions it .will be found that the tire is compressed considerably 
when the ear is in action. 

The Cord Tire.—A method of tire constniction that is beconi- 
ing popular because of its easy ridiug qualities is a ^liffieult form 
to repair and is sliowii at Fig. 420. Instead of layers of fabric the 
main portion of the carcass, or casing, is composed of cores which 
arc passed arounil small wires at the ba.se of tJie fire and which are 
wound very tightly in order to seenre intimate contact between the 
various layers of cord. Sheet ru)>ber is i)laced between the cord 
laycES and fabric br(?aker strips are placed b<‘t\veen the tread and 
the cord body in the usual manner. Wlien tlie tire is vulcanized 
the spaces between the layers of cord become filled with the rub¬ 
ber, and the whole mass is firmly bound together. The wires pro¬ 
ject into the bead portion of tlic tire and are vulcanized finnly In 
place. Owing to the construction a cord tire cannot be as easily 
repaired as the fabric type because it requires a very expert knowl¬ 
edge of cord tire construction to replace injured portions due to a 
blowout. As. we shall see, the fabric tire may be restored to effi¬ 
ciency by cutting out layers of the defective fabric and vulcanizing 
new layers in their place. This is not a difficult operation, whereas 
replacing the defective cords calls for a degree of skill not usually 
possessed by the tire repairman. 

Eims for Pneumatic Tires. —An expert has stated that there 
are at least forty different types of tire retaining rims that have 
received general application and that these require at least four¬ 
teen different sections of wood wheel felloes. Besides the various 
well known and popular rims a number have been designed that 
are more or less complicated and which are said to possess various 
desirable features by their manufacturers. There are six repre- 



Clincher 




(XIMOIER TIRB AlfD lUH DMEHSIO IIS 



Bctikr OiMhw Wa 



A 

B 

c 

D 

.s 

fnehet 

locbea 

InchM 

bwfaM 

Iwbfla 

t i/> 

a6 

*8 3/4 

>9 

1 3/9 

9 

t6 

<» 3/4 

M 

1 3/» 

• i/t and j 


■« 3/4 

>■ 

1 5/9 

a t/* tad 3 

JO 

•3 3/4 

■4 

* 3/9 

3 

3» 

• 5 3/4 

a6 

1 3/9 

3 

34 

*7 3'4 

b8 

1 3/9 

3 

3® 

j/4 

30 

• 3/* 

3 »/• 

aB 

ao ii/t6 

ai 

1 3/9 

3 i/a 

JO 

ai 11/16 

»3 

1 !/• 

3 «/* 

3* 

>4 11/16 

•5 

i !/• 

3 »/• 

34 

a6 t>/i6 

•7 

1 t/a 

3 */• 

3® 

aS ii/t6 

■9 

1 I/a 

4 

JO 

>1 11/16 

aa 

a 

4 

JO 

■3 11/16 

>4 

• 

4 

34 

as 11/16 

a6 

a 

4 

3® 

a? fi/16 

■6 

1 

4 •/• 

JO 

aa 11/16 

■3 

a 1/4 

4 >/• 

34 

a4 It/16 

•9 

a 1/4 

4 i/a 

3® 


47 

• 1/4 


Fig. 418.—Standard Clincher Tire and Bim Dhiiensions. 

scntative groups into which the various rims manufactured to-day 
may be cla.ssified. These are: 1. One piece clincher. 2. Quick’de- 
tuchable clincher, 3. Quick detachable straight side, 4. Quick de¬ 
tachable universal. 5, Demountable. 6. Demountable detachable. 
The distinction between the two last classes is that there are a large 
number of deuiounlablc rims which have to be taken off of the 
wheel before the tire can be removed. There are others that not 
only have the demountable feature but- from w'hich the tire can be 
removed while the rim remains on the wheel. 
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The one piece clincher rim with its principal dimensions for 
various tire sizes is shown at Fig. 418. This rim is made in one- 
piece and not out in any direction. It is adapted only for use with 
tires having soft extensible beads which can be pried or lifted over 
the edges of the rim. There is only one type of clincher rim on 
the market but at the present ti^ie its use is confined to small and 
medium ^weight cars as too mifch effort is needed to install large 
size tires on rims of this form. There are many types of quick de¬ 
tachable clincher rims whicli have been designed to make possible 
quick application of clincher tires which are well thouglit of on 
account of the holding power of the tire beads. These rims are 
invariably composed of two or three parts, consisting first of a 
rim base with an integral inside clinch, or separate inside endless 
clincher ring and a separate outside clincher ring whicli is made 
so that it may open with some fastening device for holding the 
ends in place or it may be made endless w^th an open lock ring to 
hold it in position. 

Examples of the most popular form of quick detachable clincher 
rim are shown at Pig. 419. The form shown at 1-B is a type which 
has a base, two endless clincher side rings and an open end lock 
ring which may be snapped out of its seat, and permit the re¬ 
moval of the outside clincher ring and then the tire if it contains 
no air pressure. The rim shown at 2-B has the inside clinch in- 
teg;i*al with the rim base, the outside clincher ring and the lock 
ring being similar in action to those of 1-B though different in 
design. The rims shown at 3-B and 4-B arc similar to rim 2'B 
except that the outside clincher ring is open ended having a me¬ 
chanical lock for the ends of the ring. Bim 5-B has an open end 
outside clincher ring with an angle of the retaining groove in the 
rini base of such form that the inflation of the tire causes it to seat 
home more firmly so that no locking device is necessary. 

Fo^ms of quick detachable straight side rims are shown in this 
same illustration, these being very similar in construction to those 
previouslyMescribed except that the retaining ringa are made to fit 
straight side'tiros instead of clincher tires. The straight side tire, 
which was originated by Dunlop, has a bead devoid of any clinch¬ 
ing arrangement though the bead is not extensible as it has a num- 
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ber of pian9 wire rings firmly vulcanized in the bdse portion to 
prevent such extension. The retaining means in th!& rim shown at 
I’A to 4-A inclusive arc practically the same as those outlined from 
1-B to 5-B inclusive. A number of combination rims has been 



Fig. 410.—Sectional Views, Sbowing Construction of Quick Detachable ) 
Urns that Have Beceived Practical Application. 


devised which can be adapted to take cither straight side or (^uick 
detachable clincher by merely reversing the retaining rings which 
have a section adapted for retaining either the clincher bbad or the 
straight side form. These are shown at Figs. 1-C to 3-C, inclusive. 

Examples of quick detachable demountable rims are sliown at 
Fig. 421, A. As will be observed these are rims of the simpler 
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form having tapering flanges on the base by which they are held 
to the wheel lelloe by suitable wedge rings or clamp nuts. Do- 
mountable rims are shown at B. These arc adapted to receive the 
standard clincher rings as shown in the upper portion of the il¬ 
lustration or the one piece straight side Dunlop rim as shown in 
the lower part of the illustration. As will be apparent the rims 
are held in place by a series of wedges which are forced in the 
soace^between the tire carrying rim and that attached to the wheel 



Tig. 420.-;-Sectional View, Showing Arrangement of Cords that Beplace 
the Fabric Carcass in the Palmer System Cord Tire Construction. 


felloe. A form of tire retaining rim that w'as formerly very pop¬ 
ular is shown at Fig. 422, A. This is known as the Fisk Bolted-On 
t 3 rpe and could only he used in connection with a tire having a 
base of the form shown in the illustration. The tire was securely 
held to the steel rim by means of. retaining rings which were 
clamped firmly in place by bolts carrying spccinlly formed washers 
designed to clamp over the edge of the retaining ring as well as 
that of the rim. When it was desired to remove the rings the 
special tools shown at Fig. 422, B, were needed. The special clamp¬ 
ing, member was used to squeeze the rings closely together and per¬ 
mit screwing up the retention nuts with the special socket wrench 
'provided for the purpose. When the retaining bolts had been un- 



h39 


Quick Detachable Bims 

screwed all the way around the tire the rings could be withdrawn 
and the tire easily pulled off of the flat rim. Whdh the tires were 
installed the clamping member came in handy to squeeze the rings 
and the portions of the fire base closely enough together so the 
nuts could be caught on the end of the bolts. 

The Goodrich quick detachable rim and the special tool needed 
for its manipulation are sliown at C. The feature is in the shape of 
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the locking slot in the rim attached to the wheel felloe. The open 
end locking rim carries tongues which fit into the slot and which 
may be sprung into place to securely lock the rim. The tool shown 
is provided to facilitate bringing the end of the locking ringn to¬ 
gether in order to spring the tongues into the locking grooves. The 
pins in the ends of the levers fit suitable pin holes in the locking 
member. 'When it is desired to remove the ring one of tho tongues 
is pried out of its locking groove and then pulled away from the 
rim at all points. After the ring has been partially detached it is 
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Toidi for Tire Sepafrt 
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MKoi to iremove the remaining tongne from the wheol 

itim» When replacing thU locking ring» the first Itep is to cat(^ 
the tongue on one end of .the ring under the wheel felloe rim h^ 
inserting it in the notch nearest the edges of the rim. The ring ia 
then forced in place all around and finally locked by bringing the 
remaining tongue in the groove nearest the center of the wheel and 
then springing that in place over the projecting portion i^pr the 
edge of tile rim. The method of installing a straight side tire when 
^ a rim of the form shown at Fig. 419,1-A, is used is clearly riiown at 
Fig. 422, D and E. The section at D shows the method of install¬ 
ing the spreader member at the base of the valve properly whHe 
the general application of the locking ring may be clearly ascer¬ 
tained at £. 

Tools for Tiro Bepairs.—It is necessary in all cars using pneu¬ 
matic tires to carry a certain amouut uf equipment for handling 
and repairing these on the road. A typical outfit is shown at Fig, 
423, this supplementing t^o spare outer casings, and two or more 
extra inner tubes for replacement purposes. Included in the re- 
f pair outfit are a blowout sleeve, a number of patches, and an acid- 
cure vulcanizing outfit for applying them. Tire irons are provided 
to remove the casing from the rim; the jack is used to raise the 
wheel of the veliicle on which the defective tire is installed from the 
ground and make it possible to remove the tire completely from 
the wheel. The air pump is needed to inflate the repaired tube or 
the new member inserted to take its place. Talcum powder is pto* 
vided to sprinkle between the casing and the lube to prevent chaf¬ 
ing or heating, while the spare valves and valve tod will be found 
useful in event of damage to that important component of the in- 
9 ner tube. As it is desirable to inflate the tires to a certain definite 
pressuVe, a small gauge which will show the amount of compreflsiozi 
in the tire is useful. 

The outfit shown may be supplemented by otlicr forms of 
canizing sets and by special tire irons to mrice for easier removal 
of the outer casing. Tire irons vary in design, and most fltakeka 
of iaxm provide levers for manipulating the casings, which differ 
to dome extent. A of tire irons such as would be needed with 
h 'clincher tire equipment could be selected from the Imtns asho,wh 
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Tools for Tire Repairs 

' at Fig. 423. That shown near the gauge is Utilised to loosen the 
clincher bead fsom under the rim should it beoom# rusted in plaeo. 
After the shoe has been loosened from the rim flange, levers of the 
form shown below it would be inserted under the bead in order 
to lift it over the rim. Two or more of these levers are necessary, 
the long ones being more easily operated than the short ones. The 
length of the lever provided will depend entirely upon the rise of 
the tire to bo removed. Motorists, an a rule, should carr/ one of 
the releasing levers shown, two of the short members depicted and 
one longer lever. The latter may be a combination form Which 
can he used ns a jack handle as well as a tire iron, and then it is 
not necessary to carry a jack handle in the equipment. The flat¬ 
tened ends are generally employed for prying the bead from the 
clincher nm, and wlieo this has been done and suflicieut space 
exists belween the bead and the rim to insert the curved end of the 
large levers, couhiderablc leverage is obtained and the bead may be 
lifted over the clincher nm without undue exertion. The object 
of rounding the comers, and of making the working portions as 
broad as possible is to reduce the liability of pinching the inner 
tube, which would be present if the irons had sharp edges. 

The tire repair material is sometimes carried in a special case, 
as shown at top of Fig 423. this consisting of all parts necessary 
to make temporary repairs to be considoied in proper sequence. 
This outfit is sometimes supplemented by other apecidl tools. A 
knife is needed to cut the rubber, trim patches, etc. The stitcher 
and roller are useful in rolling the patch after it has been cemented 
to the tire to insure adhesion of the patch firmly against the dam¬ 
aged portion of the tube while the cement is dryiiig. Some motor¬ 
ists carry a small fiame heated vulcanizer in order to effect more 
permanent repairs than would be possible with the simple patch¬ 
ing processes in which only the adhesive powers of dry cement are 
avi^ble. 

Fdrtahle Air OompressOT.-^Some Locomobile cars are equipped 
with a ringle cylinder air compressor, having a bore of 2^ inches, 
and a stroke of inches, which may he considered typical of such 
devices which are often included on recent models of leading cars. 
It is mouJited on an extension of the front end of the transmission 
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rig. 4S4.—Tools for Beleaslng Glmcher Tires Wlien Beads are Bustsd In 

tbe Bun Channels. 
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Fig* i25k>-ytew Showing OonstractlM of Small Air Compressor Used 
on Locomobile Oars for Tire Inflation. 
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^countershaft, and driven by means of jaw dutches which can be; 
thrown in and ont of engagement by a T hah^e* located on the 
loft aide of the car, and reached by opening a door in the running- 
board aide shield. By drawing handle outward about of an 
inch, advancing one notch to the left in a serrated segment and re¬ 
leasing, jaw clutches are interlocked and pump is ready for use. 
Air is drawn into the cylinder through holes drilled aroun^ .same 
below radiating fins. Foreign matter is excluded by means of a 
removable screen. On the upper stroke of the piston the. air is 
forced out of the cylinder by unseating a flat valve into a small 
tank placed, at the right of the air compressor, and mounted in 
front of the transmission carrying elianncl. The purpose of this 
tank is to overcome the pulsation of the pump ouly and not to act, 
as a reservoir. 

By means of a two-waj-^ fitting air is drawn out of the tank 
thi’ough a delivery tube leading to a fitting which projects through 
ilie left side member of the frame adjacent to the T handle menr 
tioned above. One end of the tire hose is screwed on to this fitting 

‘ when tires are to be inflated. The location of the two-way fitting 
on the tank is such that any sediment or oil falls to the bottom of 
tho tank, and is not drawn out through the delivery tul>e. With 
the motor running at normal speed the air compressor will inflate 
a 37 X 5 inch tire to 90 pounds pressure in about two minutes. 
Every 2000 miles, or oftener if the compressor has hihn used fre¬ 
quently, the oil in the crank case should be replaced. The crank 
case is drained by removing a plug located on the bottom. To fill, 
remove both the large and small plugs on the left hand side, and 
pour oil through the larger hole until it overflows through the 
small hole. In case the oil which was removed seems especially 
dirty, fill the crank case with kerosene and drain before putting in 
new oil; This compressor is clearly shown in Fig. 425. 

, Tire Ml^pulation Hints.—In removing or replacing outer ca»^ 
isgisr considerable care mu^ be exercised not to injure the shoe or 
pineh tlie inner tube. The first step is to jack up the wheel from 
^icK the defective tire is to be rempv^, thus relieving-the wheel, 
df the, car Weight. The valve inwde is then unscrewed ui order to 
';aitaw any air that may remain 'in the tube to e^ape, and then the 
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lock nuts on tlie valve stem are removed so that this member may 
bo lifted to reldose the clincher beads from the rim channels. l£ 
the tire is stiff or has not been removed for some time, a special 
iron is utilized to loosen the edges and the beads are pushed clear 
of the clincher rim. 





Tig. 426.~Deflning Muiipulatlon of CUneber Tires. 


AVlien the casing has been loosened on one side, a flat tool, as 
showp at Fig. 426, is inserted under the loose bead to act as a pry 
or lever to work the edge of the casing gradually over the rim. 
Very long levers arc necessary to handle new stiff tires, and un¬ 
used casings' are particularly hard to move. The shorter irons may 
be employed on shoes which have been used for some time and 
which are more pliable than the new ones. Two of th^ levers are 









847 


CUncher Tire Manijnilation 

generally used together, one being kept under tl^ loosened edge 
of the bead, while the other is used to force the bead over the edge of 
the rim. When the outside edge of the bead has been forced over 
the rim at all points the inner tube is-lifted from the rini and iS| 
pulled out of tlie shoe. The start at removing is made at the point 
diametrically opposite the valve stem. When this portion has been 
pulled clear of the rim and out of the casing it is not diflieult to 
pull the rest of the tube out aud finally lift the valve stem out of 
the hole through which it passes in the wheel felloe, and take the 
inner tube entirely off the wheel. If the casing demands attention, 
or if a ivew shoo is to be used, the inside bead is worked over the 
channel of the clinclier rim in just the same manner as was done 
with the outside bead, and after a start has been made and a por* 
tion 0 ? the inside bead forced over the rim tJiere w’ill be no diffi¬ 
culty ill slipping tliC entire shoe from the wheel. 

Applying a tire is just the reverse to removing one. The first 
operation is to place the inner bead of the tire in place in the center 
of the rim by forcing it over the outside flange. This is done grad¬ 
ually, and in order to force the remaining portion of the shoe it 
may ho necessary to use long levers when the greater part of the 
casing has been applied. The next step is to w'ork tlic shoe grad¬ 
ually tow’ard the inner channel of the run, them to insert the air 
tube. The inner tube is rejilaccd after it has been partially in¬ 
flated by putting the valve stem in first aud then inserting the 
rest of the tube, being careful not to pinch it under the beads. 

After the inner tube has been put in place, the outer bead of 
the tire is worked over the edge of the rim cha*'ncl. Care must 
be exercised to insure that the inner tube will not be pinched by 
the sharp edges of the tire levers. The object of partially inflating 
the inner tube is to disteud it so there may be no loose or flabby 
portions that are liable to catch under the tire bead when this is be¬ 
ing forced in place over the wheel rim. The* conventional method of 
inflating tires by using a foot pump does not always insure that 
they will receive adequate inflation, and when a pump is employed 
it is imperative that some form of gauge be provided that will regis¬ 
ter the amount of pressure inside the tire in order that it will 
reach the figure recommended by the tire makers. Different me^- 
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ods of tiro inflation have been devised which eliminate the neces¬ 
sity of using manually operated pumps. Obviously a simple ex« 
pedient would be to j>rovido a small power-driven pump that could 
be actuated by any convenient median ical connection with the en¬ 
gine or a Si)ark plug pump. Another method is to use an air bottle, 
which is a steel container in wliidi air is stored under great pi’cs- 
sure, fc The air is co7ri})r(*8sed to such a point tliat a tank less than 
tw'o feet long and six inches in diameter will furnish snfficient air 
to inflate seven or eight large tires or twelve small ones. The tanks 
may be exchanged at small cost when exhausted for new containers 
holding a fresh supply of air. In soine tanks, gases of various 
kinds under Jiigh pressure arc used and tlio motorist may obtain 
these on the same basis ns air bottles are supplied. 

All devices of this character are fitted with gauges to indicate 
the amount of pressure in the tire, and to prevent overinflation. 
If a tire is not properly inflated the shoe w’ill be liable to various 
kinds of road damage and will be easily punctured, while if the 
pressure is too high the shoe is liable to “blow-out” at any weak 
point ill the structure. A lire-pressure gauge is a very necessary 
article of equipment in any car and its ps^oper use when blowing 
up tires will insure the best possible results if the schedule recom¬ 
mended by the tire manufacturers is adhered to. Three inch tires 
should be inflated 1o 60 pounds, and three and one-half inch to 70 
pounds pressure. The rule is approximately 20 pounds for every 
inch of tire width. 

Small Vuicanizers.—A number of portable Yulcanizers designed, 
for tbe use of the motorist so that tires may be repaired without 
removing the casing from the wheels if surface cuts are to be vul¬ 
canized is outlined at Fig, 427, These operate on three different 
principles, some depending on the heating effect of coils conveying 
an electric current, others upon steam produced by a small burner 
act^g upon the water contained in tbe casting while the simplest 
form utilizes dry heat produced by burning gasoline iii the v,ul- 
canizer. The form at A obtains its heating property from steani 
and is shown clamped in place to seal a cut in the casing. The 
form at B. is heated hy electric current and is also shown damped 
to an outer casing. The form at C derives its heat from the $ame 
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Fig. 427.—Ylews Showing Small Portable VulcauiserB Suitable for Eoad 

or Shop Bepaixs. 

of a small lamp burning alcohol or gasoline which heats water con* 
tained in the body of the device. This has two faces, one flat for 
use in vulcanizing patches and inner tubes as shown, while the 
otiier is curved to permit it to make repairs on outer casings. The 
form, at T> is used only for inner tube work and the nmthodiof 
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action may be retftiily tinderatood by referring to the cross section 
at E. The heating portion consists of a simple casting having a 
number of projecting fingers which are heated by the flame of 
burning gasoline. A definite amount of fuel is poured into the 
heater and ignited and after this has burnt itself out enough heat 
will havg been imparted to the casting to produce satisfactory vul¬ 
canization of the repair material placed in the defective portion of 
the inner tube. These small vulcanizers are intended primarily for 
the use of the motorist in making minor repairs and are not practi¬ 
cal tools for the tire repair shop, though they may be used to ad¬ 
vantage in small garages where no attempt is made to carry on 
tire repair work on a large scale. Under these conditions they 
will prove practical in coping with the various emergency repairs 
sucli a gai'agc may be called upon to perform. 

Shop Vulcanizing Equipment.—There is considerable difference 
between the vulcanizing equipment intended for the use of the 
average motorist or small repair shop and that intended for com¬ 
mercial work. Whereas the small vulcanizers arc usually intended 
for curing but one tube patch or casing patch at a time the large 
ones have provision for treating a number of tubes and casings at 
one heat simultaneously. Practically all of the commercial vul¬ 
canizers operate by steam. This is generated in a small boiler and 
is led lo tile various molds and plates for curing the inner tubes. 
A steam gauge is provided as the temperature of the steam may be - 
readily detenrdned by its pressure and in some cases a safety or 
blow off valve is provided to prevent the generation of too much 
steam. 

A typical vulcanizing outfit having a capacity for curing three 
inner tubes and two casing sections Is shown at Pig. 428. The 
tubes are cured on a fiat plate whieh is at the top of the boiler 
while the steam for curing the casings is led to the hqllow mold, 
carried by the table. A gas burner is provided to produce the heat 
necessary for turning tiie water contained into the boiler to eteam* 
Valves are placed in the various steam lines, in order that the flow 
mtfy be controlled. A group of vulcanizers of various patterns is 
shown at 429. The feature of the Shaler antdmatie plant 
shown at A is a machined sur^e 4 x 30 inphes Which wJU viU- 



canize six tubes as easily as one. It can be heated independently 
of the casing attachment or used simultaneously with. it. In the 
vulcanizing outfit shown at B!ig. 428, pressure'is applied to the 
patch hy means of coil springs, whereas in the Shaler, the pressure 
to secure intimate adhesion is applied to the tubes by means of 
swivel clamps wliich produce a uniform pressure on every part of 



Fig. 428.»-T7pical Shop Vulcanizer. 


the patch. With this outfit the method of making blowout repairs 
is by curing from the inside with the inside casing mandrel and 
from the outside with the casing tread form simultaneously. In¬ 
stead of cutting away A quantity of rubber and fabric, a reen-, 
forcement of heavy fabric is built up inside of the casing and 
the holes through the rubber are filled with pure Para gum. The 
boiler is a copper coil heated by a powerful gasoline burner which 
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raises steam to the vulcanizing pressure frojm cold water in fif- 
teen or twenty minutes. A thermostatically controlled damper 
maintains the pressure and temperature of the steam at the correct 
vulcanizing point automatically. The “Radium^* outfit whicli is 
shown at Fig. 420, B, is provided with two tube blocks and two 
easing blocks, these corning from a globe fitting carried at the cud 
of the steam pipe leading from the brnh'r. In tlic Miller garage 
viilcaiiizer which is shown at Fig. 429, tlie casing mold iS com¬ 
bined with the simdl boiler while the tube plate which has provi¬ 
sion for vulcanizing lour tubes at a time is mounted above the 
casing mold. Attention is dinjcled to the accessories, these in¬ 
cluding the steam gauge at one end of the tube plate, the safety 
pop valve at th(j other and tlie water glass to indicate tlie correct 
level of water at the front of Die combined boiler and easing mold. 

Tho outfit shown at Fig. 430 is of Tlaywood design, and is 
known as the ‘‘Iloosier” plant. It is not intended for retreading 
work but for sectional and inner tube repairs. It is a compactly 
built equipment with a boiler containing two vertical fire flues 
f capped with a baffle plate to Imld the hcjit down. A steam conduct- 
ing pipe leads from the boiler to the steam dome, this having four 
outlets which lead to the several molds. All molds are of a shape 
that is self-drained and coiuhmsalioii returns back through the 
steam supply pipe. It is said that this plant will cure all typ^ 
of casings ranging in .size from to 5^-inchea, that it will cure a 
blowout up to 15 inches in length and will even cure a tire cut 
from 'bead to bead. The tube vulcanizing plate is of ample size 
and will cure three or four inner tubes at one tinm. 

The various typos of molds and tho niclhnd o£ using them are 
f clearly shown at Fig. 430, those being intended for use with the 
vulcanizing plant depicted at the left of the illustration. As will 
be apparent the mold proper coiusists of a hollow casting shaped 
to conform to the tread of the tires it is to fit at the bottom and 
' having smoothly planed side walls to insure a correct fit of the bead 
.molds, as the fit dotermijios tbe amount of heat con<luelion and the 
successful curmg of the entire injured, section of the casing. The 
mold is shown at 1 while the arrangement of the mold head form 
and clamp is clearly outlined at 2. Bead molds are made in various 
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patterns, tliose at 3 and 7 being intended for straight side casings ^ 
while the formal outlined at 4, 5, and 6 are for use with clincher 
casings. The air bag which is placed inside of the tire casing in 
sectional work with the usual process of vulcanizing is shown at the 
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lower portion of the illustration. This is practically a short sec¬ 
tion of heavy wall inner tube provided with ah wiflating tube and 
valve in order that it may be blown up when placed inside of the 
casing to press the sides of the casing firinly against the heated 
walls of the mold. The mold is heated by the steam circtilating 
through the hollow interior while the bead molds are raised in 
temperature because they are in contact with the heated walls. 
The clamp serves to keep all parts in secure engagement arfd makes 



Fig. 431.—Some Useful Accessoriee for the Tire Repair Shop. 


fpr uniform heating as well as providing a degree of pressure whicli 
is very desirable in vulcanizing. 

In some cases the vulcanizing molds arc placed on a large table 
and the steam is obtained from a boiler of larger capacity than 
those ordinarily supplied with the vulcanizcrs previously described. 
In a large shop where much tire repairing is done the small Vul- 
canizers will not liave sxiffiQient capacity so a large number of molds 
and tube vulcanizing plates are arranged so they may he supplied 
•with steam from a large separate boiler. This is coal fired for the 
most part and as will be evident by referring’to Pig. 431, A, it fob 
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lows the conventional design of the vei*tical fire tube boilers used 
in making steafn*for engines alid hfating purposes. There is a 
number of supplies tliat can be included in the shop’s equipment to 
facilitate the repair processes. Where mueli tire repairing is done 
the grinder and cotintershaft shown at Fig. 431, B, will be found 

valuable because of tlie 
case wdth which worn 
rubber may be ground 
off of a casing and 
also because of the ad¬ 
vantage obtained by 
roughening the rubber 
and fabric with a wire 
scratch brush as shown 
at D in order to re¬ 
move all dirt, grease, 
etc., and make for posi-. 
tive adhesion of the ce¬ 
ment. The tire last 
show'n at C is intended 
to he attached to the 
work-bench by simple 
iron pipe supports for 
working on casings, as 
it provides a secure 
resting place when ' 
stripping down layers 
of fabric in making 
sectional or other re¬ 
pairs. Some systematic 
method is necessary to take care of the material in process of repair. 
A simple tire rack for holding casings is shown at Fig. 432. This 
is very easily made, and obviously the design may be varied from, 
that shown to provide accommodations for inner tubes as well,as 
casings, the basis of the stand of rkek consists of standard iron 
pip^. attached to the floor and ceiling, the tii:*^ being supported by i 
wooden strips attached to. brackets clamped to the iron. pipe. . The 



Tig. 432.—An Easily Constrncted Tire Back. 
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’1)rackets are simple castings and may be moved up and do-vpil to 
accommodate different size casings by releasingrtlve ^raping screws, - 
and they are easily locked in position at any demred point on the 
pipe by tightening the clamping screws. 

Materials Employed In Tire Work.—The stocks and com¬ 
pounds commonly used in tire repair work are many and as is tmo 
of other forms of construction, none but the best should be em¬ 
ployed. Many tire repairmen use cheaper grades of stock IfecamJO 
the margin of profit is larger, but this is i)oor policy, and any one 
who wishes to establish a business Mill find that only the best se- - 
lected material should bo employed. If this is bought from repn- . 
table makers, at a fair price, there can be no <piestion as to quality. 
Cover stocks arc used for retreading and padding, and vary in 
composition and gauge fro»n %4 to Vae-ioeh tliicknoss to meet dif¬ 
ferent requirements. Some retreading stock is in the form of 
thin sheeting, other ftinns, knoMTi as “camelback,” are calendered 
thick in the center so that it answers the s/ime purpose as though 
several layers of the regular retreading .stock were used. “Inside 
patching” is a rubber stock cured on one side and uncured on the 
Other, made especially for repairing tire tubes. Frictioned fabric 
is a textile product of high grade long fiber cotton, impregnated 
with rubber composition, while rebuilding fabric is frictioned ma¬ 
terial having a skim coat of pure gum in addition. “Barebaek” 
fabric is material frictioned on one side only, while brealcer strips 
are narrow widths of, frictioned fabric in various sizes, ready for 
application to tires without cutting, save for length. 

"When ati inner tube is bloMii out badly it- is necessary to cut 
it at that point and use what is called a tube splice, this being made 
with a short piece of tubing w'ith each end tapered that joins, the 
ends of the ruptured tube. Oments vary, widely but should al-- 
■ ways be similar in composition to the rubber upon which they.are. 
to be used, as to make a good joint by the vulcanizing process th^ 
ceip^nt should contain the same percentage of sulphur. . This is 
another bonditiou in which the experienced man scores, as if care' 
is not taken-in the selection of the cement, very uTisatisfactbry, 
Bults. are obtained in 'vulcanizing. Most rubber cements consist of-' 
, pure Para rubber dissolved fn naphtha or otlier solvent, to. which ia 
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added other substances, such as shellac as thickeners, or various S 
spexjific driers to make the cement dry quicker. Where tenacity is 
specially desirable, other gums, such as mastic and gumlac, are 
used. So many excellent cements on the market have been tried 
and. tested that the repairman would be unwise attempting to com¬ 
pound his own, especially when these can be purchased aa cheap, 
if not cheaper than the raw materials and made on the premises. 
The r(?Biilts are more uniform with commercial cements. 

Many motorists cannot understand why tire repairing is a some* 
what costly process, but it will be evident that great care is neces¬ 
sary at every stage, from preparing the tire and applying the 
fabric and rubber, to the final curing, and tliat a certain knowledge 
is necessary wdiich can only be gained by experience. Then the 
materials employed are costly, the retreading stock costing about 
$1.50 a pound for a product of the best quality, wliilo frictioned 
fabric such as is used in rebuilding, costs about $2.50 the square 
yard. There is considerable hard work needed and experienced 
men command good St'ilaries. Then the repairman must stand 
back of his work and often loses money in endeavoring to please . 
customers by making gratuitous repairs upon tire failures which 
were due to the motorist's abuse, and not that the work is faulty. 
The pictures and drawings illustrating the subject are pertinent 
and will serve to make clear some of the processes and apparatus 
necessary in tire repairing. 

Proportioned Repair Stocks.—In buying repair material, a 
certain amount is to be invested, and this should be for a properly 
proportioned stock. To get too much of one thing and not enough 
of another is vexing and discouraging to the man making a start. 
It is to overcome this draw'baek that supply houses offer certain 
assortments, consisting of the right kinds and the right quality of 
stock. The assortment mentioned below is merely suggestive. The 
price quoted on each kind of material aws the market price at the 
time this book was printed. Prices vary slightly from time to 
time, and a change, therefore results in the amount of each grade 
to be shipped. TIte recommendation is made by the Haywood Tire 
and Equipment Company of Indianapolis, Ijjd. 
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ARSOUTMENT A—$100.00 * 

’ 

30 lbs. AA tread stock . ‘. 

. $0.75 

$22.5U 

20 lbs. AD building fabric. 

. 1.00 

20.00 

10 lbs. AS single friction. 

.90 

9.00 

5 lbs. MC cnsbion stuck . 

. 1.20 

6.00 

5 lbs. AH breaker. 

. 1.00 

5,00 

3 lbs. MT tube stock. 

. 1,20 

^.60 

6 pals. SLC cement. 

. 1.90 

■ 0.50 

20 lbs. soap stone. 

.05 

■1.90 

1 doz. JTo. 1 Valve bases. 


.. 1.50 

1 doz. No. 2 Valve bases . 


1.90 

100 Air checks .. 


.. 2.65 

100 Valve cups . 


2.00 

1 tluz. 777 V’alvcs . 


3.50 

Vi doz. 725 Valves . 


1.85 

2—3" Tube scctiuns. 

.50- 

1.00 

4—<JV^" Tube flcctioiia. 

.CO 

2.40 

6—‘1" Tube sections. 

.75 

3.75 

2—Tube sections. 

.90 

1.80 

1—5" 'lube section . 


1.06 


$100.00 

» 


A much Ru»all<!r outfit, suilahio for the individual owner or 
small repair shop follows: 


xVSHOnT^nCNT K—$5.5i5 


2 lbs. Tube stock . $1.20 

1 lb. Tiead stock .75 

% Ib, Cushion stock. 1.20 

I «jt. Cefiiont . 

1 Gan Boap-stono. 

1 dos. Air checks. 

1 do*. Valve caps ..... 


$2.10 

.75 

.60 

.70 

.20 

.35 

.25 


$5.25 ' 

How: Tires Are Often Abused.—In many instances tires have 
been received by repairers which show such wear at the sides that 
the, canvas layers are exposed, which is due to three causes, $11 .of 
which may be directly , traced to abuse by the driver of the ear to 
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whicli they vrwo fitted. This wear may be caused by ddving 
against the curbstones, in car tracks and with the tires deflated. 
In driving many motorists come up too close to the curb, and the 
friction at the side of the cover natui’ally causes it to wear on one 
side, so that sooner or later the canvas layers are exposed. Tliis 
usage, if continued, weakens the shoe and a blowout will resiUt. 

If one drives in car 
tracks the side of the 
tread Mill wear on both 
sides, as with the usual 
construction the vogue 
in many cities there is 
a space between tho 
rail and the paving in 
which the tire may be 
forced, and the fric¬ 
tion will cause rapid 
wearing of the rubber 
at the side of the 
ti'ead. 

Other reasons for 
wearing the sides of 
the cover are traceable 



Tig. 433.-~Sectlotial View of Fueuaiatic Tire, 
Showing the Defective Conditions Which 
Demand Attention. 


to deflated tires. Tii,, 
the case of a shaft. 
' driven car the sharp- 


edges of the clincher rim may cut into the casing, this wearing being 
known.as rim cutting, being produced by the concentration o£ the 
entire .weight of that quarter of the car upon the edges of the rim 
channel.' “Wearing by the chain of a side chain driven car is possi¬ 


ble, if the tire is uot properly inflated. It is evident that the 
.ive%ht will depress the tires and if there is not sufficient air therein ' 
it cahuot resume the rounded contour under which conditidps it . 
clesrs the.ehains, and when flattened the sharp edges of the link 
side retainiiig rivets avUI shear off the rubber very quickly, 
ti'Anotber condition in which many motorists are negligent.;m' 
Iceep&g their* tires clean and free from oil and grease^ for, 
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rubber is perfectly -waterproof, it is easily affected by oils and 
some acids, •whicii act as solvents, and if exposed to tJieir action 
for any length of time it will soften and disintegrute. , The first 
signs of decomposition show only wlicn it is ton late, that is. when 
the tire is beyond repair, and iiiifnrtunately there is a tendency 
to attribute this to an inferior quality of rubber, whereas it is 
due directly to llie solvejit action of the oil, and the purer the rub¬ 
ber the more rapid the chemical action. In many types of live 
rear axles the oil will leak from the hoiisiugs and get upon the 
tiros. Often the motorist will let his car atan<l for days at a time 
in a pool of oil on the floor of the garage or motor house. Oil 
should be immediately washed off of any of the rubber parts with 
gasoline or naphtha. Tlie iriiportauce of keeping either oil or water 
away from rubber cannot be too firmly impressed upon the man 
who wishes to obtain maximum service at miniraum expense from 
his tires. 

Why a Tire Depreciates Rapidly. —A most common form of 
deterioration is ordinaiy wear of the rubber tread, which depends 
upon the quality of the rubber used and the number of miles 
driven; in such a case the fabric, which is really the main support 
of the lire, is laid bare. This is inevitable owing to the constant 
friction of llie lire against the ground, but many people attribute 
this wear to inferior quality of rubber, forgetting that even the 
most rosistent of materials will not constantly endure. If one con¬ 
tinues to use a tire w'orn down to the canvas the fabric will wear 
quickly, and the shoe be w'eakened so that the walls no longer re¬ 
sist the pressure of the inner tube, which hursts out through the 
weakened portion. After a tread is worn to the canvas, deteriora¬ 
tion will be rapid and the only possible repair is the application- 
of a new rubber tread. 

Another cause of tire depreciation is small cuts in the rubber 
covering which will affect the fabric as well. These are caused by 
sharp objects, .such as broken glass, nails, particles of iron, flints, 
sharp stones, etc., which stick into the. tire. The damage caused 
may be of two different natures, either the outer cover is cut to a 
greater or less depth or both the cover and the inner tube are cut 
through, the tire being temporarily rendet^ usel^ in tihe 
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instanc^c, which i^s the “puncture” that is tho dread of motorists. 

Assuming a sharp object has cut a gash into the cover, but has 
not reached the inner tube. In such an event, especially if the 
layers of fabric have not been damaged the driver can go on for 
the moment without repair. It is different wlmn one or more of the 
layers of canvas have been cut into. In that case water, sand, grit, 
etc., work into the cut and cause the tire to blister wliile water 
will produce rotting of the fabric, either of which conditions if not 
given immediate attention becomes fatal to the outer cover. Sand 
will work between tlie layers of rubber or fabric and produce lumps 
known as sand blisters, which often puzzle the driver and give rise 
to all manner of snrtnises as to tlieir cause. 

Water Rots Fabric.—The average motorist does not usually 
consider water an enemy to tires, and it is not so long us it stays 
outside. Moisture lias very little effect upon the rubber, but dam¬ 
ages canvas to a great extent. Cotton fabrics and in fact ail vege¬ 
table fibres which have as a general basis cellulose, such as flax, 
jute and hemp, can offer resistance remarkably w’dl to atmospheric 
influences such as oxygen, heat and damp, which affect so many 
organic substances. For instance, it is said tliat a jiieee of cotton 
exposed for a month in the air, the sun and the rain, does not 
lose more than two per cent, of its original strength and other 
pieces wetted and ironed dry 20 times in succession only lost three 
per cent. If left under water for six mouths, the cotton fabric used 
does not lose much of the dynamic force although the water itself 
may be covered on tlie surface with mold. But if cotton is left 
in a damp place, on the damp floor of a cellar, for instance, it will 
get spottcil in a very short time, on account of the mold, micro¬ 
scopic fungi, mildew, and other minute agents of destruction. This 
effect is well known to motorists as wall papers, which are often 
made of cellulose fibres, will fall to pieces and crumble when on the 
walls of damp rooms or closets. It is this same result which often, 
causes bursting of. tires apparently in good condition, the fli^ 
time used after, standing all winter, because .the cotton fabric is 
rott^. This has been proven by testing the canvas, the reduction 
of resistance being 50 to 7b per cent, of its original value because 
of the weakening of tlie fibres due to the chemical action. The 
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importance of keeping water from the interior of a tire should 
bo apparent, and this can be best done by keeping iSic tires properly 
inflated, so that the beads- will h\ig the rim, forming a water-tight 
joint, seeing that all lire and valve lugs have suitable washers under 
the nuts, that the valve is provided with suitable packing washers, 
and lastly that all cats 
of any size which pene¬ 
trate to the fabric are 

f 

filled with new rubber 
by vulcanizing. 

Describing Repair 
Processes.—In d(>scrih< 
ing methods of resto¬ 
ration reference will he 
made to the processes 
for retreading, rebuild¬ 
ing, making sectional 
repairs, and simple in¬ 
ner tube work. Re¬ 
treading is nec(5ssary 
when the outer tread 
has so worn through 
normal use that the 
canvas shows in spots, 
and it can only be 
done with ,profit on 
casings that are strong, 
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in which the fabric 

carcass or body has not been weakened by blowouts or rim-cutting. 
Rebuilding a tire is replacing weakened or destroyed fabric by new 
material and making a new tread. It is a more expensive opera¬ 
tion and is seldom profitable. In case of a large puncture or blow* 
out in a casing (providing the rest of the shoe is in good condition), 
it is only necessary to build the tire over at the weakened, spot. 
This is known as sectional work and is perhaps the most' common 
method of repairing known. Tube work is mmple and the method 
depends Upon the size of the hole to be sealed. The neeessary mia- 
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terial and stock may be purchased but experience can only be ob-, 
tained by constant endeavor to improve^ and knowledge is the' 
most important asset of the successful tire re])airman. 

Tire Tube Repairs.—Tire tube -work includes repairing punc¬ 
tures, blowouts, cuts due to pinching in application, or by poorly 
fitting security bolts, and inserting new valves. After locating the 

opening, the rubber is 
slightly roughened 
with a piece of emery 
cloth for an inch and 
a half on all sides of 
the bole, the surface 
is cleaned thoroughly* 
witli benzine, cemented, 
filled in with unvul- 
caiiized stock or a 
patch and cured on a 
flat jdate. Cuts are 
treated us previously 
described to insure ab-. 
solute cleanliness, the 
edges are cemented and 
brought together with unvulcanizcd stock to form a union, and 
cured, as in the case of a simple puncture. Blowouts or lai^e 
punctures require different treatment after the rubber has been, 
thoroughly cleaned, as the size of the hole seriously weakens the 
tul)e. The area around the opening is well cemented, both inside 
and out, inside patcliing material is placed'inside the tube, the 
space between the edges of the hole filled in with unvulcanized 
material, stitched carefully, placed on a flat plate and cured. The 
length of time in heat is governed by the quantity of material and 
quality of the tube to be cured. This will vary from 10 to 25. 
minutes at a steam pressure of from 35 to .50 pounds. In apply¬ 
ing valves a. piece of rubber known as the -valve pad is vulcaniz^ 
ip the inside of the tire instead of the inside patching, this serving 
as a reinforoement and forming a firm base for attachment of the ! 
-valve. ■ . ' , > 



Fig. 435.—How to Remove the Cloth Cover 
to Expose Cemented Surface of Prepared 
Patch for Inner Tube Repairs. 
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R^laoinfif Valve Steins.—There are a number of ocdasi(ms 
where the valve stem of an inner tube becomes ^defective due to 
eitlier the stripping of the external threads so that the pump con¬ 
nection cannot be securely screwed on, stripping of tlie valve threftd 
inside which prevents the removal of the check valve and bending 
of the stems due to careless handling in removing it from the rim.. 
Another common fail¬ 
ure is shearing off of 
tlie projections on the 
valve inside by which 
it is intended to bo 
unscrewed, which 
means that tlie valve 
cannot be taken out 
^Yhell it becomes leaky. 

Of course, any one of 
those defects tempo¬ 
rarily dp.stroys the use¬ 
fulness of the inner 
tube. If that memher 
is comparatively new 
or .still serviceable, a 
new valve stem may bo 
easily inserted. The 
repairman who docs 
tire work will find it 
advantageous to cut out all the valve stems fron old inner tubes 
which may be in his po.ssession, and even when an inner tube is en¬ 
tirely worn out the valve stems may be in good enough condition to, 
warrant saving them until an opportunity presents itself for udng 
them. A defective valve stem may be taken out of the inner tuW 
without injuring it by releasing the clamping nut and removing*^!^ 
and the casing spreader, then removing the corrugated washer Whi^ 
holds the tube against the button-shaped inner end of the stem. The 
portion of the tube adjacent to the stem can bq ca^efulfy Idp^ned 
’.and the button end separated from the rubber by forcing the stem 
into t^’ tube. Some gasoline or naphtha may facilitate loosening pf 
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Fig. 436.—How Tire Tread is SometlmM 
Injured by Projecting Bolts of Fender 
Iron if Springs Deflect Excessively. 
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the Talvc base if cement has been applied. If a pair of special tire 
pliers is at hand their point can be insei*trd into the hole and the hole 
can be stretched until it is sufficiently large to paas the button end of 
the stem through. The button end of tho new valve stem can bo 
placed in a bole when this is elongated and some cement may be ap¬ 
plied to the contracting surface of the stem eud as a lubricaut to 
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Inner Tube Repairs 

facilitate entrance into the interior of the tube. The pliers are then ■ 
removed and the tube allowed to constrict around the valve stem. 
Some cement is placed on the corrugated face of the clamping 
washer, then the spreader is put on over the stem md the clamp 
nut screwed down and tightened. By partially inflating the tube 



Fig, 438.—allowing Method of Cleaning Aiea Aroond the Functi^ With. 
Bmety Cloth or Sandpaper Before Applying Cement to 7uW •• 

and submerging the stem portion in water one can easily, determine 
if a satisfactory repair has been effected. Care sliould be in 
replacing the clamp plate or spreader so that its greatest length 
is lengthwise of the tire. The function of tliis is to protect the 
tube at the point at which the valve is attached. It also aids in hold¬ 
ing the easing in place on the rim to some extent. 














Made Easy 

Simple Casing Repairs.—In event of a damaged shoe, the ex¬ 
tent of damage ^nd whether the hole, is through the cover, ojr only 
through the rubber is ascertained. If only the tread is affected it!" 
will not be necessary to remove any of the canvas layers, but tW 



Fig. 430.—Showing Uae of Wire Briatle Buffing Wheel Attached to Spia^ 
die of Small Portable Drilling Machine for Cleaning Area Sur- . 
rounding Puncture on Inner Tube. 


rubber must be cut away for one or two inches around the broken 
surface. The edges cut bevel, then roughened with a rasp or emery 
wheel;.then apply two or three coats of vulcanizing cement, allow¬ 
ing each to dry thoroughly and build up with cover stoelf to sur- 
ft^ contour, dust talc over the mold, clamp tightly, and vulcanize. 

Repairs May Re Made From Inside.—If the hole is through 
the tread and body, and it is not too large, such as is caused by a, 
simple puncture, a good deal of work can be done from the. inside 
! of the tire and very little rubber need bo removed from tbe tr^d^. 
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a simple puncture no rubber need be removed. For a siuall. 
.ijlpwout it is only necessary to fill in that part of the tread or cover 
S^at was blown away. In making repairs from inside it is neees- 
^aary to turn the casing inside out, and remove two or three plies 
fabric inside, ‘‘stepping down*' each ply, as shown at Pig. 443, 
“ihe last ply to be within two inches of either side of the edges of 
the hole. Oean thoroughly and apply at least three coats of vul« 



440.-^Frepaxlng Innet Tube for Vulcanuiug Patch. A~Ooating 
Inner Wall of Tube with Rubber Cement. B—luseztlng Seini*Ouied 
Repair Stock Patch. 

canizing temeut, allowing each coat to dry tlioroughly before ap¬ 
plying the next. This w'ill require about an hour for two first coats 
and three hours for the last. Cover the inside of the fabric witli 
20-gauge unvulcanized stock, turn the tire back as it should be and 
replace the fabric removed with new stock by a “stepping-up” 
process, applying one or two extra layers of plies in the inside ex¬ 
tending for several inches beyond the other material, tliis to. make 
jthe repair os strong m any other part of the tire* Fill in the but- 
mdc surface wdth raw stock, place “the tire in a sectional moldi- 
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Fig. 4 U.^lLowliig Use of gtltclwr In BoUlng Patching.Bul^ber to Make. 


Finn Contact wltt inner Tube. 
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jfrting both mold and tire over with talc powder, and after plac- 
ng an air bag^ir substitute inside tho shoe lu^^ted from 40 to 00 
pounds pressure the curing follows. It is recommended that the 
tire be wrapped at each end of the mold for about six inches with 
a bandage, this to hold the case together and prevent distortion or 
bulging out of the air bag. The curing continues from 45 minutes 
0 one hour at from 50 
to 55 pounds, accord¬ 
ing to the size of the 
tire. 

Another method of 
making this repair, and 
followed if the blow¬ 
out is fft all serious, 

'8 to remove the old 
tread for four or five 
inches on either side of 
^he opening. The lire 
i then restored with 
new stock, after the in¬ 
side, has been treated 
as previously described 
jmd weakened or broken fabric replaced by a stepped series of lay* 
\ of fresh material. A i>oint that must bo observed is to remove a 
>^ient quantity of. the tire slock to insure that fabric enough 
y^ill be used on the shortest step, wliich is that next to the cut, so 
that it will bridge over the hole and leave a substantial margin of 
canvas at either side. As it must bo evident that there is consider¬ 
able strain against the patched portion of the tire, the greater tho 
area over which the stress is distributed the stronger the repair. 
Bach ply of fabric or rubber should be well rolled with tho stitcher 
so that every part of it will adliere, and if air is left between the 
layers, forming bubbles, these will cause loosening of the covering 
when the tire is in service. Air pockets should be struck open with 
the point of an awl moistened with water before making a hole, as 
the edges will close togetlier more readily if this precaution is taken. 

Retreading and Rebuilding Tires.—If a tire has become worn 



Fig. 442.—Showing Method of Using Inner 
Sleeve and Outer Shoe in Making Tem< 
porary Bepalr of Blowout in Casing. 
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through normal wear, it is possible to put a new tread on the oH| 
iabrie body and ^dd considerable to the life of the tire. To 
tread a tire the first operation is to remove all the" old tread down 
to the fabric. "fKis is done by cutting straight across and through 
to the first breaker strip, and pull this away from the tire proper,; 
using gasoline or benzine to assist in loosening it from the padding. 

The remaining rubber 
is cut away with a 
sharp knife moistened 
in water, and then all. 
traces of tbe old tread 
are removed with the 
wire brush, emery ' 
wlieei or rasp. If the 
fabric has been dam¬ 
aged, as sometimes re¬ 
sults when the tire is 
run with the tread 
worn so that the plies 
are exposed, each in¬ 
jured layer should be 
cut off. After buffing, 
the outside of tbe shoe 
is thoroughly washed 
with gasoline, and. 
when this has evapo-; 
rated three coats of 
vulcanizing cement are 
applied, allowing the lust one to dry about three hours. A coat 
of 20-gange cover stock is applied as padding, and over this is 
placed a breaker strip, then another layer of cover stock, also 
used as padding, this covering tbe breaker strip only. Over this 
padding is applied a sheet of 60-gauge retreading stock, allowing 
it to extend one inch each side of the breaker strip: apply a second 
layer of the same slock about one inch narrower, and over this is 
laid another strip of retreading stock of the same gauge as the 
others which extends to the point formerly the edge of the old 



Fig. 443.—At A, Method of Stepping Down 
Fabric and Tread of Outer Casing when 
B$psbriug Blowout by Sectional TTulcan* 
iilug Process. At B, an Inside Patch that 
Is Held in Place by Mechanical Means 
Instead of Cement is Shown. 
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Retreading and Rebuilding Tires 

tread. Each ply ia rolled thoroughly aud stitched and all air is 
released from air blisters. The shoe is now ready for curing. 

Rebuilding is very sinjilar to retreading except that new fabric 
is used to replace any that is not up to the standard in the body 
or carcass of the shoe. The tread is removed as in retreading, and 
the first ply of fabric is cut through all the way around on the 



Fig* 444.—Showing Method of Sttipplng Off Worn Fabric from Section 
of Old Oaeing to Make a Very Satisfactory Inside Patch for Blown* 
Out Casings. 


center of the tire. After cutting, this ply is turned back all the 
way around to within onc-liaJf to one inch of the bead. The weak¬ 
ened plies are removed, never more than three, as more than this 
makes the cost of this mode of restoration prohibitive. Assuming 
that two plies are removed, cut out the first all the way around 
within onc-half inch where the first ply is fumed back. Remove 
the next ply within ouo-half inch of the second and clean the tire 
thoroughly, applying three coats of cement. It is imperative that 
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Tig. 445 —Depicting Various Steps In Betreading Casing A—Stripping y 
Oft Defective Tread Bubber B—Applying Keer Cover Stock O—g 
Wrapping tbe Casing Firmly with Strips of Clotb D—Bolting on 
Cover of Steam Oven Betreading Type Vulcanlser. 
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Retrcaiing and JtchvAlding Tires 

tlie cement coatings dry thoroughly. Twenty-gauge cover stock is 
«oolied o^^er the cement and rolled thoroughly, and rebuilding 
c, cut on the bias, is Used to replace the plies previously re¬ 
moved. The part of the tire that is turned back is rolled into 
proper position, the union at the edges being made with nnvul- 
canized pure gum stock, and the remainder of the process is the 
same as in retreading. • 

Many rim cut clincher tires are brought in, the damage .result¬ 
ing from use without sufficient internal air pressure, and in some 
instances it is possible to make a very satisfactory repair upon 
these. The rubber is removed from tlio cover on the side for about 
an ineli and a half or two inches above the bead and then a ply of 
fabric is removed about ono-Iialf inch from the toe of the bead. If 
more than one ply is cut the next ply shoiild bo cut away one inch 
more than the first. Clean thoroughly and cement. Twenty-gauge 
cover stock is applied, the rebuilding fabric to take the place of 
each layer removed, the last,ply to bo cut wide enough to turn in¬ 
side the casing from two to three inches. An amount of unvul- 
caiuzcd stock about otjual to that removed from the cover is th^ 
applied and tlie tire is ready for curing. 

In tire retreading or rebuilding, C(;rtain essential factors, if ob¬ 
served, will insure success. The parts must be thoroughly cleaned 
befoi*© application of cement, and all coats should be allowed to dry 
at least the time specified by the makers. Every layer of material 
|ipplied, whether fabric or rubber stock, must be firmly rolled to 
insure proper adhesion, and it is imperative tliat air bubbles ho 
punctured and the air released. The best cements and stocks to 
use are dictated by eicperiencc, and the gauges of tlio stock ap¬ 
plied will vary with the individual preference of the repairman, 
ttongh these should be chosen with reference to the material in the 
tire that is being restored. 

To cure & rebuilt or retreaded cover in the large pot heater, it 
is necessary to have air bags of the proper size for each tiro, as 
those that are too large may become pinched, while those too small 
wfij. not properly fill the interior of the casing. After an air bag 
^ which is in reality either a portion or entire specially made tir»j 
^be)^. ut placed in the case, the tire is assembled on the rim and 
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wrapped spirally with a bandage of sheeting or light duek about 
three inehes wicte. Wxt the air bag is iuflaled tO 40 Of 50 pOUTldS 
pressure, and the lire is placed in the heater and cured, the period 
of curing depending upon the size of the repair, varying from 30 
minutes to one hour and at pressures of steatn varying from 40 to 4 





Fig. 446.—Comer of Typical Bepalr Shop, Showing Practical Applica¬ 
tion of Vulcanlaer on Both Tnhe and Casing Work. Kotlce Inser¬ 
tion of Air Bag In Casing Before Putting Same In Sectional Mold. 


50 pounds. In curing special care must be taken and in this pro¬ 
cess many inexperienced operators make error. If a casing is cured 
too long the rubber will be too hard and will lose resiliency or life; 
while if the curing process is hastened and the tire is not properly, 
heated, the rubber will be soft and repair unsatisfactory. 
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removiiiif the tiros from tbo hooter they ore allowed to cool ftbout 
30 minutes, then unwrapped and hung up for a 3ay or two to set. 
Steam at a pressure of 40 pounds has a temperature of about 250 
degrees Fahrenheit and is the heat eoiuraonly used in curing mbber. 

! Dry Cure Methods.—There are two systems of vulcanizing 
when making sectional repairs or retreading, that best adapted for 
general use being the dry cure system in which the desired pressure 
for vulvanization is secured with pads instead of with an air bag 
aiid where the tire is cured by tlie application of heated elements 
rather Ilian WTaj>i)ing it and placing it in a steam oven. A num¬ 
ber of molds used in the dry c\ire system and sold for use wdth the 
Haywood vulcanizer liavc been previously described and illustrated 
in connection with that outfit at Fig. 430. Additional appliances 
aii3 shown at Fig. 448, Tliat at A is known as an inside patch or 
relining mold and may be used in reliniiig, patching or for drying 
out the interior of a easing before a reenforcement is started. On 
blowout w’ork, especially of the larger and more difficult class, it 
is often necessary to apply two or three layers on the inside of a 
tire, and although considerable beat is conducted from the outside 
mold it is well to give the repair a twenty minute cure on the in¬ 
side which is iKist accomplished with the form of mold shown at A. 

Solid pads and clamps are used in couucelion with the various 
types of liny wood molds for obtaining pressure ou the curing stock. 
These pads conform to the curvature of the mold bn which they 
are used. ‘There arc a number of advanta^s given for the pad and 
clamp systeili, over the air bag system. It is said that the properly 
built pads last indefinitely, wJiereas the air bags have a definite life 
and are subject to the uncertainty incidental to the use of pneu¬ 
matic appliances. With a solid pad on one side of a repair and a 
substantial accurately machined mold on the other and with three 
to five heavy iron clamps drawing the two together it is possible 
to exert more pressure on the curing stock than by any other sys¬ 
tem and pressure is considered an essential to good work. The pad 
and clamp system is simple and easy to operate and there is nothing 
in its operation that calls for skille<^ labor. It not only produces 
considerable pressure on a repair but also localizes the heat to the 
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The mctliod of using the pressure pad in making a repair on a 
defective tire bead is sbo-wn at Fig, 448, B. Tlie side wall and bead 
mold is sliown at C, while the appearance of a repaired portion of 
a easing having a long riin cut and blown side 'wall is shown at D, 
lietreading may be also easily accomplished by tbe dry cure method. 
The appearaneo of a tire needing retreading is clearly shown at 
Fig. 449, A. This is only practical if the layei*s of fabric are in 
good condition. The old tread is stripped off as previoflsl}' de- 



Fig.-44&.~Mald8 for tTse wltiH Dry Cura Process of Vulcanizing. 
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Fig. 449.—Bhowing UoldB, Clamps and Pad TTsed for Betreading a Tire 

t)y tbe Dry Cure Process. 
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scribed and the new tread cemented on and vulcanised by the use 
of a retreading mold which is shown at Fig. 449, ©. The retread¬ 
ing molds are 26 to 28 inches in length and heat approximately one- 
third of the circumference of the tire at one time. The molds are 
hollow, allowing steam circulation from one end to the opposite and 
hare an opening at the lowest point to exhaust the products of con- 
densaliou. Tlie sectional view of the mold with the clamp ayd cas¬ 
ing in place shown at Fig. 449, B, shows the construction of the 
mold and the method of applying the new tread very clearly. The 
api>earaneo of a retreaded lire I'lfler the new tread has been cured 
on is clearly shown at D. Sectional molds, which are Ihe forms 
previously described are simply short retreading vulcanizcrs. They 
are used for cuj'iiig the tread portions where the injured section 
is not long enough to call for the use of tlm retreading mold shown 
at 0. Sectional molds are tlie forms to use for surface cuts, sand- 
blisters, stone bruises, short patches of loose tread and other de* 
fects confined to a specific area of the tire. 

Beconstructed Tires.—A now method of tire .salvage has been 
reo(‘ntly devised by which two old casings may be combined to form 
a new’ casing, this being especially desirable wOieu ojj(5 of the cas¬ 
ings has a good bead but a poor tread while the other one may have 
a good tread but be defective at the bead. This process is called 
reconstruction to distinguish it from retreading as it consists of 
stitching the two tires together in sucli a way that they cannot 
separate, ilsiug the one with the la;st bead for tlie inside member* 
The entire feature of tlie repair lies in tlie stitching process, and as 
this is not an easy one a mimher of firms are in existence which 
have special machinery for doing this work. Sometimes the pro¬ 
cess includes adding a special layer of calendered fabric to the 
surface of the inner tire. Another process includes the addition 
outside of the second tire of a non-skid surface composed of steel 
^studs fastened into a special fabric, this being firmly cemented to 
the casing. 

The appearance of reconstructed tires is shown at Fig. 450. In 
one process the procedure is substantially as follows; the cover is 
first subjected to examination and if found satisfactory for repair- 
j,ing is transferred to the stripping machine which strips the whole 
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<)f the remains of tlie old riibber tread from the canvas base. Any 
cuts, bruises (k bursts are tlien cut clean and built up with fresh 
fabric and rubber and the cover is then treated to a process that 
forces a rubber compound under heavy pressure into the spaces 
between the layers of canvas where movement between them hajfj 
produced separation. To the whole of the inside of the cover one 
or t^o fayers of speMally prepare^’ canvas are applied, the cover 



Fig. 450.—figetbod of Oomblnlng Worn Tires and Kew Material to Pro* 
dnee a Beeonstructed Casing Capable of Giving Considerable Addl-^ 
tlonal Service. 

being put into a special sewing macliine which covers it with a net¬ 
work of stitching which runs through' the entire carcass, this re¬ 
ducing the internal movement of the layers relative to each other 
to a miuimuni. A final lining of fnction canvas is attached to the 
■inside over the stitching. The stitching and treatment up to this 
]poiut form the basis of the patent which protects the manufac 
'^rers repairing by this process. The illustration at A indicate 
the stitching of the inner cover before the outer cover is appliedr 
The view at B shows the completed unit with the other tiread iii 
i^ee and fastened to the inner cover. In this view A . indicate 
:^,the old cover with its-tread removed, B, the erb^ sewing; 





Use of Mechanical Plugs 




joining rubber, D, the new tread, E, dark rubber forming the new 
treaid, E, light rubber and canvas forming the base of the new 
tread. After the cover has .been stitched as shown at Fig. 450, A, 
the next stage is to treat it to a generous layer of rubber compound 
m tile outer side and the prepared jointless tread is carefully fixed 
in place. The cover is then filled mth molds which are hammered 
into place to stretch the cover base into its original shape*an^ ap¬ 
proximating as near as possible the shape it assiixnes under working 
inflation pressure. The next process is tlic wrapping and-biuding 
of the cover. This is then followed by treatment in a vulcanizer 
from whence it emerges with the tread attached to the original can¬ 
vas base by a thick layer of resilient black rubber. It is said that 
l^he life of a reconstructed tire is often equal to that of a new one 
whereas the cost of reconstruction is but 50% of that of new tires, 
in most cases. 

Repairing Pimotures with Mechanical Plugs.—Repairmen who 
have had experience in bicycle work arc thoroughly familiar with 
the advantages as 'well as the limitations of the screw down plug 
which has been widely sold for repairing single tube bicycle tires. 
A modification of this form Of plug has been introduced for use 
on inner tubes and has the advantage of being very easily handled 
though its use is limited to the repair of small punctures. The plug 
itself consists of two threaded discs of metal which are firmly vul¬ 
canized in a surrounding mushroom shaped mass of rubber. The- 
'^wer One of tliese has a stem attached to it on which the' upper 
nead is threaded. The plug Is clearly shown at Fig, 451. For 
motorist’s use these are sold as a kit with a set of special pliers to 
facilitate manipulation. The first operation after the puncture is 
located is to use the conical punch end or cutter as indicated at C, 
which makes a smooth round hole timt is not apt to tear. The next 
operation i^ to stretch the hole as shown at D in order to permit 
insertion of the lower portion of the plug. After this is in 
place the upper part is kept from turning as shown at Fig. 451, E, 
by prewure of a finger, while the lower portion is brought tightly 
to bear against the inner tube which is sauih\ichcd between the two- 
parts Of the plug by turning the bent part of the stem which acts as 
levet abd makes possible the seciire retention of the inner tuba 
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Fig. 451.—Bow Inner Tube Punctures May be Repaired with 
Sampson Mechanical Repair Plug. 

"between the npper and lower portions of the plug. After these 
parts have been tightly screwed together, the projecting end 
the threaded stem is broken otf or cut with the pliers and if any 
projects it is smoothed down with a file. In order to prevent the 
plug cutting through as would be the case with metal plugs the 
edges of., the rubber pieces are very flexible and soft whichi of 
eoursc, prevents them cutting into the inner tube. 
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AIR PRESSURE AND CARRYING CAPACITY PER WHEEL OF 
STANDARD SIZED PNEUMATIC TIRBS 

For weights in oxcusa of l;(»00 jwunds per wheel, 5-inch tires or larger 
are recommended. 


Sixe, j 

Inches 

SINGLE 

j DUAL 

Extreme Load 
per Wheel, 
Pounds 

Air Pressure 
Rernmtnonded. 
Pounds 

Extreme Vl(elsht 
per Wheel. 
Pounds 

28 to 36x2i 

225 

40 


28 to 36x3 

350 

50 


28x3^ 

400 

1 60 



450 

60 



550 

60 

- 

84 and 36x3i 

600 

60 


30x4 

550 

75 


82x4 1 

650 

75 


34x4 

700 

75 


86x4 

750 

75 

1200 

S2x4i 

700 

85 


84x4i 

900 

85 


86x4i 

1000 

85 

1350 

36x5 

1250 

90 

1600 

38x5i 

1350 

90 

2000 

40x6 

1500 

90 



INCREASE IN AIR PRESSURES (\4USED BY DRIVING 

The flgurcs given by tire maniifncturors ns the most suitable for initial 
inflation generally lake into account the increase in teniperature and pressure 
created by prolonged running. It, however, is useful to know what this 
increaso is. The figures in the following table are given by a French 
authority and are averages computed on tires from 3 to i 14 inches diameter 
under usual touring car weight and speed conditions. For larger tires the 
increaso is greater on account of the greater rigidity of the cover wallsj re¬ 
sulting in greater internal strains iii the fabric at the points of bending. 


iDitU pressure Id Tire, 
Cold. 

Pouads per Square Inch 

Working Pressure fa Tiro, 
Worm. 

Pounds per Square Inch 

Increaso PesnltlnK from 
Work. 

Pounds per Square Inch 

71.116 

88.183 

17.067 

85.339 

105.750 1 

20.411 

99.562 

123.546 ! 

23.984 

113.785 

141.920 

28.135 
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MAXIMUM CAKUYING CAPACITIES OF SOLID TIRES 


SINGLE 


- 9 - 

. TWIN 

Slse. 

Inches 

Extreme Lond 
per Wheel* 
Poonds 

Sieo, 

Inchefi 

Extreme-Load 
per Wheel, 
Pounds 

Si 

500 





760 


2i 

1900 

3 

950 


3 

2500 

3i 

1375 


3i 

8500 

4 

1750 


4 

5000 

6 * 

2000 


5 

6000 

6 

3000 


6 

8000 

7 

4000 





METRIC TIRES AND THEIR AMERICAN EQUIVALENTS 


Metric Sises 

Approximate Size 
in Inches 


Metric Sisee 

Approximate Size 
in Inches 

050X 65 

26x2 H . 


870X 90 

34x3 44 

700X 65 

28x2 % 


010X 90 

3Gx3 

750X 66 

30x2 Vj 


660X 00 

38x3 4^ 

800X 65 

32x2 Vj 


1010X 90 

40x3 lA 

830X 66 

33x2 ^ 


815x105 

32x4 

860X 65 

34x2 % 


875 x105 

34x4 

700X 86 

28 X 3 % 1 


915x105 

36x4 

750X 86 

30x3 % 

1 

820X120 

32x4 4i»5 

800X 86 

32x3 % 


860x120 

33x4 4^-6 

860X 85 

34x3 Vk 


880 X120 i 

34x4 46-6 

760X 00 

3Qx3 % 


020 X120 

30x4 Vj-5 

810X 90 

32x3 


1020 X120 

40x4 44-6 

840 x 00 

32x3 % 


1080X 120 

42x4 'A-5 
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MISCELLANEOUS REPAIR PROCESSES 

Oxy-aeetylene or Autogenous Welding—^Torches for Welding—Sources of 
Gasi^-Cost of Autogenous W'clding—^InstructionB for Operating—Welding 
Cast lron*»Method of Preheating—Welding Aluminum—>Wclding Malle 
able Iron—^^Velding Brass and Bronze—General Hints—Treatment ot 
Steel, Annealing—Box Annealing—Hardening—Pack Hardening—^Temper¬ 
ing—('ase Hardening—^Distinguishing Steel from Iron—Hardening Steel 
Tools—Temperatures for Tempering—Molten Metals to Produce Desired 
Heat—Working Iron and Steel—Annealing Chilled Cast Iron—Boiding 
Pipe and Tubing—Filling the I'ubing—Pipe Bending Fixture—Straighten¬ 
ing Out Bent Fenders—^Removing Dents in Tanks—Soldering and Braz¬ 
ing Processes—Fluxes for Soldering—l^lders and Spelter for Different 
Purposes—Lead Ihirning—Soldering Aluminum—How to Bra^e Iron and 
Steel—Testing Lubricating Oils—Evils of P^xhausting in Closed Shop- 
Instructions for Repairing Storage Battery—Care of Grinding Wfaeelt— 
Speeds for Grinding Wheels—Grading of Grinding Wheels, 

jVIany men are engaged in tlie automobile repair business wbo 
have beeu'Specialists in some particular branch of mechanical work 
before beepming interested in the automobile. Wood workers, 
blacksmitlis and carriage smiths are especially noted owing to the 
decrease in carriage and wagon work and increase in automobile 
repairing. The review of various mechanical processes which fol¬ 
lows cannot fail to be of value to all those not thoroughly familiar 
with all branches of mechanical work. Even the automobile me¬ 
chanic will find the material useful for review. 

Autogenous Welding. —^Autogenous welding is the process of’ 
uniting metal surfaces by heat without the aid of solder or compres¬ 
sion. High temperature, full control and easy application of tjie 
heat are necessary reqiiisities. The most satisfactory method is 
termed the osy-acetylene process, the flame having a temperature 

8«7 ■ . 
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of about 6300 degrees Fahrenheit. By this process iron, steel, cast 
iron, aluminum, btass, copper, platinum and other metals may be 
so perfectly united as to defy detection whpn the joint is smoothed. 
Its uses include the following: Reclaiming light and heavy castings 
coming from the sand with blow holes, sand holes, cold shuts and 
lugs off; reclaiming light or heavy cracked or broken aluminum; 
adding to parts subjected to friction; repairing large or small 
frame members in place, welding in new parts or filling in cracks; 
welding split piping or flanges on pipes; reclaiming imperfect steel 
castings; extending short shafting, adding small metal parts broken 
off or missing and renewing teeth broken from gear wheels. 'This 
process is of inestimable benefit to the automobile repairman and 
every first class mechanic should have experience in handling the 
welding torch. Its uses in the repair shop arc legion. 

The operation of cutting steel or iron is by heating the metal 
at the first point of contact to the red with the ordinary wielding 
flame. This flame is then continued with a jet of pure oxygen 
turned on, which unites with the carbon of the metal and disin¬ 
tegrates it with surprising rapidity. The cut is narrow and smooth, 
with no material damage by oxidation. It may be made in any 
shape, and the process will be found especially valuable in making 
many kinds of dies and in fitting steel plates. Steel beams in 
structural work, steel arches, steel boilers, steel piling, shaped deck 
plates for steamships and the hardest steel vaults may he cut with 
ease. The secret of the process lies in the high temperature of 
the flame, which increases the temperature of the metal so rapidly 
that very little heat is diffused into the body of the part, most of 
it therefore being available for fusion. The number of heat units 
actually absorbed by the metal is a very small fraction of that 
required to bring the same part to a brazing heat with the ordinary 
gas or oil blowpipe, and very little if any warping takes place. 

One of the first points to be understood when considering the 
use of autogenous welding is that the heat actually has to come in 
contact with every particle of metal welded. It is impossible to 
weld' by this method where this cannot be done. If a small boss is 
required on a given casting, it is useless to cut out a disc of metal 
the same size of the boss with the idea of welding it on. The cor- 
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rcct way would be to add metal drop by drop, until the required 
size is I'eached. The torch is the most iniportailt factor in auto¬ 
genous welding and cutting. The type generally admitted to be 
of the best construction consists of two small pipes or conduits 
terminating at one end with hose connections, the other entering 
a recess head that receives the torch tips. The pipe for acetylene 
is screwed into a cylinder about one and one-half inches in ^iameter, 
which serves for a handle, and is pack(?d in porous material that 
prevents the possibility of communicating a dame beyond thdt 
point. 

Torches for Welding.—It is not generally known that three 
distinct types of torches liave been invented for oxy-acetylene weld¬ 
ing. These are termed n'Spectively low, medium and high pres¬ 
sure, taking their name from the relative pressure under which the 
acetylene is used. The high pressure torch was never introtluced 
into this country owing to certain disadvantages, finally causing 
the medium pressure torch to be brought out. The low pressure 
torch was invented by Edmond Fouche, and its principle is based 
on that of the injector, the acetylene being drawn by suction pro¬ 
duced by the flow of oxygen, which is under pressure. The acety¬ 
lene is brought to the torch under a pressure of a few ounces per 
square inch only. The flow of oxygen is regulated by tlie area of 
a nozzle and by its pressure so that the correct proportion of acety¬ 
lene is sucked in. The mixture then passes out at the burner or tip 
of the torch. 

The size of the orifice in this tip is of great importance, as it 
controls the resistance in the mixing chamber to the flow of oxygen, 
and therefore controls the proportion of the tw’o gases. As is well 
known, the amount of fluid sucked by an injector is proportional 
to the square of the velocity of the propelling fluid. It is therefore 
essential that the flow of oxygen should not vary or the proportion 
of acetylene would not be constant. For the low pressure torch 
this proportion is 1.7 oxygen to 1.0 of acetylene by volume, at at¬ 
mospheric pressure and any variation in either direction will pro¬ 
duce either an oxidizing or carbonizing flame. The flame should, 
therefore, be carefully watched as the orifice in the tip may be ex¬ 
panded by the heat being deflected onto the torch, or it may be 
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contracted by particles of metal adhering to the tip^ thus cr.ingiug 
the zaizture. Owing to the iine adjustment of the injector parts, 
these torches are often made without any means of varying the 
sise of the dame, it being necessary to disconnect the torch from 
the hose and substitute another one, when it is desired to do this, 
a number of torches being required if it is necessary to weld on 
all classes of work. Owing to the low pressure, the speed of the 
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i^ing mixtnre is very little above the speed of the propagaliou 
of the flame and “back fires” frequently occUi^ the gas has then 
to he turned off, lighted again and the mixture readjusted. The 
ordinary acetylene lighting generator supplies gas at a pressure 
suitable for use with this torch. 

In the medium pressure torch, both the acetylene and oxygen 
are under an ai)pr(‘ciable pressure, whicli results in a constant mix¬ 
ture under all conditions, the proportion being 1.00 of acetylene to 
1.3 of oxygen. The mixture is regulated bj^ lioles at the inner end 
of the detachable lip, and is not affected by any variation at the 
outer orifice. The pressure of each gas is kept constant as required 
by adjustable reducing valves in the juj>e lines. The speed of the 
gas is greater than in the low pressui’c torch and back firing is prac¬ 
tically cliniinaied. If the fiame goes out, it can be relighted W'itb- 
out altering the gas adjustment. 

Sources of Gas.—The source of oxj’^gen and acetylene g^ sup¬ 
ply is a question which re{piires careful consideration for each in¬ 
dividual case separately. It can either be generated at the plant, or 
can be shipped in steel cylinders from one of the several companies 
who are generating and compressing it. 

The points to be considered are: 

1. The transportation charges for tlie compressed gas and cost 
of tlie cylinders. 

2. The quantity of gas used and, therefore, the number of cylin¬ 
ders that would be required to contain it. 

3. The regularity of the consumption, depending on the regu¬ 
larity of the work, and also of its size. 

4. The coat of generating the oxygen at ihe plant. 

The first depends upon the locality dnd shipping facilities, as 
well as in the quantity of , gas that will he used. The second also 
depends on the first, with- tlie consideration that the cost- of cylin¬ 
der's might equal or exceed the cost of the*generating plant. 

The third might necessitate get^ration of7, oxygen at' the 
plant, anyway, particularly if repairs Were the principal work 
carried out as unless the supply of work were regular and all of 
small size, one could not depend on keeping a suMcieht supply of 
oxygen on hand, and this class of work is generally reqnir^ im- 
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mediately, and cannot therefore valt for shipments. The fourth 
depends oh the quantity of the chemical that could be boug:ht at a 
time and the cost of its transportation, .and also on the amount 
of establishment charges that would be figured in. 

It will be evident that the best method for the garage repair 
shop is that which involves the least expenditure as the amount of 



Fig. 453.—^Torcb for Autogenous Welding and Tips for Same at A. Pre¬ 
heating Torch at B. Portable Welding Outfit on Wheeled Truck 
Shown at Bottom of ^e Blustratlou. 


work done would not be sufficient to warrant the installation of 
an oxygen generating plant using the usual mixture of chlorate of 
. potash and ihonganese dioxide. The acetylene gas may be readily 
obtained through the almost universal Presto-lite service and oxy* 
gen cylinders are also easily available. 

The matter of Cost of welding by the oxy-acetylene process de¬ 
pends upon many factors, and estimates can onl^ be given by the 
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repairman after he lias had considerable experience with the pro¬ 
cess. Some work requires preheating and careflil manipulation, 
some must be damped to.prevent distortion, in such cases the cost 
of the jig or fixture is apt to cost niort; than the welding. 

CAPACTTY OF CYLHsOKPiS 


All cylinders arc charged at l.'iO Ihs. 


PiSTnetei' 

UiclieB 

Lenirth, 

Inches 


Capacity', 

Cubic Feet 

1 

W«Rht, 

Fousds 

7 

24 


50 

50 

8 

30 


SO 

76 

10 

•JO 


125 

105 

12 

36 


225 

120 

U ! 

48 


400 

340 

16 

48 

_ t 

500 

4.S5 


Tile following tabic gives an approximate idea of the cost of 
welding under tlie conditions stated: 


APPnOXIM.ATK COST OF OXV-ACK'JYLKXK WELIUXG 

O-vygen at three cent^. Aretyleno at one rent per etibio foot. 7..abor nt 

31) cents per hour. 


Tip 

No. 

• 

ThieknesB 
uf Met&I 

Consump¬ 
tion of 
Aeotyleno 
per Hour 

Consump¬ 
tion of 

1 Oxysen 
per Hour 

Linear 

Feet 

1 Welded 
per Hour 

Coetof 
lAhor 
per Hoiu’ 

Total 

Cost 

per Hour 

Cost per 
Linear 
Foot 

1 

is to 

Feet 

2.8 


Feet 

50 

Cent! 

30 

$0.43 

$0,008 

2 


4.5 


30 

30 

0.51 

0.017 

3 


■ 7.5 

9.7 

25 

30 

0.66 

0.026 

4 


11.7 

15.0 

16 

30 

0.86 

0.045 

5 


18.0 

23.0 

10 

30 

1.17 

0.117 

6 

A A 

26.0 

82.0 

7 

30 

1.51 

0.216 

7 

iV ** i 

32.5 

41.5 

6 

30 

1.87 

0.374 

8 

i upward 

48.6 

62.0 ! 

1 

• • 

« « 

2.64 ' 

• ■ « » 4 


Instructions for Operating. —The following instructions are 
taken from the literature of the Welding Apparatus Company of 
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Toledo, Ohio, aud while intended to apply to the “Monarch.’* 
weldingr outfits Toanufactiired by this concern, the processes may 
he followvd Tsith almost any of the garage type welding outfits 
oifered by reputable manufacturers. 

1. See that all gas conuectioiis are tight, using soap suds to 
discover leaks, if any. 

2. ppper side of torch is for oxygen. Acetylene connection' 
should be made to lower side of large, handle. 

3. When all connected up ready to liglit torch, turn regulators 
out, so there is no tension on spring and they are closed. Then 
turn both tank valves open full. Open both valves on torch one 
full turn or more; turn on acetylene slightly and light at tip; then 
turn on more until blaze has left tip slightly; then turn on oxygen 
same way until small wliite inner cone is formed in blaze. If 
blaze, pops and goes out this denotes that not enough acetylene, or 
too much oxygen, is being used. * The flame should have a small 
inner cone from ^ inch to inch in length with an outside flame 
of larger proportions. 

4. Welding should be done at the end of the small white cone. 

5. In case there is a faint outline of a larger cone, the acetylene 
tap should be closed slightly, which will bring this cone .iust inside 
the small white cone, pro<lucing a neutral flame proper for a suc¬ 
cessful welding. (Opening oxygen will give same result.) 

6 . Blow pipes are adjusted for the proper working conditions 
and no sharp instruments should be used to clean out the welding 
tips. 

7. Practice should begin on lighter sections of metal and grad¬ 
ually work up to the welding of the heavier sections. 

8 . When working on heavy work, water should be provided in 
which to cool the welding tips, liea^'e the oxygen tap open to ex¬ 
pel steam formed. Do not plunge, but dip several times to grad¬ 
ually direct the heat to the tip. Otherwise you may crack the 
welding head. 

Welding Oast Iron.-^In welding cast iron, such as automobile 
cylinders and machinery parts of similar character, it is necessary 
to preheat the part which is to be welded to a temperature which 
is (digl^y below a dull red heat, if there are no parts that will be 
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Tig. 464.—niustratlBg Varionii StapB In Antogenons Welding Operation, 
gnch ae Trepacatlon of Work and Manipulation of Torcb. 


Method of Holding Crankshaft When Welding Broken Web. 


Forms of Orooves for Welding Tarloua Thicknesses of Stock. 


O—Showing Method of Attaching Beducing Valve to Oas Tank. 
It—Method of TTslng Welding Bod. B—Showing Path of Torch Tip. 
T>—Tilling a Hole by the Autogenous Welding Process. 


injured by such heat. This heat should be applied gradually and 
when the ‘whole object has been sufficiently preheated, the welding 
be done. There are two reasons for preheating. First, to save 
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Fig. 456.-»Illu0ttatlug Principal Cylinder Defects that May be Seadlly 
Bepalied by Antogenoua Welding Process. ’ 


gas, and second, to relieve strains, due to uneven expansion wd 
contraction of the part being welded. Great care should also be 
used to see that all castings cool slowly after welding, as many a 
good wdd has been spoiled by too rapid cooling. A box of 
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or ashes should be provided iu which to hury the gating So it will 
cool slowly. 

Method of Preheating.—"Where city, gas of some kind, together 
with compressed air, are both obtainable in the shop we recommend 
very highly a preheating blow pipe using this fuel. It makes an 
ideal outfit and in fact will be found just as efficient as«the other 
preheaters heroin shown, and will answer any and all pirrposes 



Fig. 466.—Examples of Defective Cylinders that Were Bepalred by 
Autogenous Process. Cylinder Flange at the Left was Bepalred at a 
Cost of 97.50; Cracked Crown and Water Jacket at the Bight Be* 
paired at a Cost of $12. 


to which the oil burning i)reheaters might be applied. Of course, 
where fuel gas and air are not both obtainable in one shop we 
^ recommend the oil burning outfit shown, although they are slightly 
higher in price, but, as stated above, where the shop is so situated 
as to be fortunate enough to have both compressed air and fuel 
. ^9 of gome kind the gas preheating torch will be found to be very 
satisfactory, as the first cost, and also the cost of maintenance, is 
low, The j^rnace or muffle is then built of fire brick to a snit^ible 
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size for the particular part we are about to weld. A removable 
cover is used of ^hestos board or sheet metal. 

After the welding has been done, the object should be heated 
again in a similar manner as the preheating was deme and then 
allowed to cool off slowly in the muffle. This is necessary to prevent 
cracking dpo to the local expansion and contraction, caused by the 
local heat of the welding dame. This method is also useful in 
obtaining a softness of the material in tlie weld. This method of 
handling welding of cast iron will prove a saving of from 30 to 
. 50% of the cost of gases used for welding. There is nothing 
particularly difficult in the handling of the welding flame in con¬ 
nection with welding cast iron, but it should be borne in mind in 
welding of heavy sections, that the fractured portions should be 
tapered out in order that the welding can be commcTjecd at the 
center of the section, building up as the welding proceeds. A flux 
is necessary for use in welding cast iron and will be found to make 
the metal flow more readily and at the same time, flux out the sand, 
dirt, grease, etc. Be sure that the sides of the fracture are in 
molten condition before Ailing material is added. 

Welding Aluminum.—Tlic welding of aluminum requires con¬ 
siderable skill and experience before successful work can be ex¬ 
pected on intricate parts. The manner of making the weld is slightly 
different from that used with welding of cast iron, due to the 
fact, that when aluminum is heated, an oxide Aim is formed, which' 
prevents the metal running together and forming a suitable weld. 
To overcome this, the aluminum Ailing rods must be inserted into 
the molten aluminum, which is being welded, and moved about 
rapidly, something similar to puddling, in order to break up this 
oxide Aim and allow the aluminum to run together. A flux has 
also proven of advantage in this connection, where before, practi¬ 
cally all of this work was done without the use of a flux. A larger 
tip necessary for welding a section of aluminum than would be 
required for the same section of steel or cast iron. This is due to 
the fact that aluminum conducts heat away very rapidly- With 
the proper size tip in use, it is necessary to melt a considen^ble 
portion of iduminum, which is being held in shape by. the clay 
foraiT Kow the extra metal can be added from the flUing rod iiti 
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:rred or puddled with this rod to break the oxide film which form® 
when aluminum is melted, A flux has been provided for use in 
tliia connection and will he found very valuable for breaking up 
this film. In fact, by using this flux, bosses can readily be built 
up at any desired point. This is something that could not be 
done before a flux for welding aluminum came into general use. 

All precautions should be taken to have the work securely 
fastened or harnessed, for instance, when welding a hole in the 



7ig. 467.—Example of a Broken Orank Case B^jiaired by Autogenous 

Welding Process at a Cost of $36. 


side of a crank case, it is customary to damp a shaft, which ap¬ 
proximates the size of the beaiings (plus, of course, the thickness 
of the oast metal bearings, which wonld melt out when preheating,) 
into the crank case bearing supports, in order to insure perfect 
alignment ■ of the bearings. Anglo irons are bolted to the flanges 
wheare connection is made to the other half of the crank case lU 
order to insure perfect alignment of this part. 
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It is good practice to place a idieet of paper on the inside of the 
case next to the crack to be welded. This paper prevents the 
fire clay from getting into the crack. Upon this is placed fire clay 
in plastic condition which is held in place by means of asbestos 
fiber. This makes a light backing or mold for the case and can . 
be easily handled without fear of the mold or core being so heavy 
as to break down the case when heated for welding. This mold 
should be large enough to cover sufficient area around the crack 
so that the aluminum will not break down. 

Aluminum parts must always be preheated and handled in a 
similar mafiner ah automobile cylinders, as outliaed before, witli 
the exception that aluminum, of course, should not be heated to 
such a high temperature; on account of the fact that within 50 
degrees C. of the melting poitat, the metal is very brittle and *' 
without strength. It is customary to heat up these cases thoroughly 
until they will melt half and half solder in wire form. This tem¬ 
perature is about right to prevent cracking occurring on account 
of expansion and contraction and at the same time, the aluminum 
will possess sufficient strength so tliat with ordinary handling no 
trouble is experienced with alignment or failure of the part. 

Welding Malleable Iron.—Parts of malleable iron arc handled 
in much the same manner as cast iron parts in preparation for 
welding. It is customary to re-cnforcc the malleable iron weld as 
much as possible by building up the section at the fracture. The 
filling material used is usually nickel steel in tbe bottmn of ti'e 
weld, finishing the top surface with cast iron rod. The latter i 
runs better and makes a smoother finish. 

In some instances you may find tliat the fracture will be through 
a tapped opening, in which case, it will be necessary to cape this 
portion out entirely, making a much larger opening than the hole 
itself and then filling this with cast iron, using the same precaution 
in welding cast iron to have this portion soft. Wherever the union 
is made between filling material used and the malleable iron, you 
will find this so hard that it will be impossible to drill or machine 
in any way except by grinding. 

In some cas^^^s in making repairs on malleable iron parts, it is 
even necessary to strap these parts by means of wrought iron or 
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steel sti*aps welded to the body of the casting. In any erent, bear 
in mind that the heat necessary to melt the majleable iron will 
destroy the properties of the malleable iron, which were pnt into 
the part when annealed in tlie furnace. Consequently it is nee-^ 
essary to use a stronger filling rod and increase the section. 



Fl?. 468.~£xample8 of Repairs Accomplislied by Autogenous Weld¬ 
ing PipceSB. A—Cracked Water Jacket Restored at a Cost of $6.50. 
B—New Metal Applied to Replace Broken Teetb on Transmission 
Gear at Cost of $1.50. C—Cylinder Water Jacket Repair Costing 
$12. D—^How Worn Keyway on Steering Sector was Flfied with 
New Metal for Recutting at Cost of $1.26. E—^How Worn Special 
Steel Bashing was Restored to Efficiency by Filling Grooves with 
Metal at Cost of $1.25. 

• 

Welding Brass and Bronze.—The preparation of brass and 
bronze castings for welding is similar to that for cost iron castings. 
The fracture must be caped out so that the welding can start at 
the center, the groove being filled with metal melted from filling 
rod. The filling rod should be of approximately the same mixture 
as the part to be welded. Brass should never be used as filling 
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material for bronze castings, and a strong weld expected. Pow- ' 
dered borax or boric acid may be used as a dux. A mixture of ^ 
borax and yi boric acid gives good results. In welding brass or 
bronze the work is carried out as for welding cast iron. The metal 
surrounding the groove is melted and the filling material added, 
drop by drop, as it is melted from the rod. Be sure the metal of 
the custing is in a molten condition, otherwise an imperfect weld 
will result. Brass -welds can be easily spoiled by burning the zinc 
out of the composition. Care sliould be taken not to heat beyond 
the melting point. Flux sliould he used freely. If the welded 
portion has been burned, it will be exceedingly porous. 

General Hints.—^Be sure the welding fiame is neutral. Be sure 
the part to be welded is set up properly. A poor set up may spoil 
the best weld for practical use. Proper beat treatment before and^ 
after welding is as important as good welding, when intricate cast¬ 
ings, such as cylinders and crank cases arc being repaired. Avoid 
hard spots in cast iron welds by preheating before and annealing 
afterward. Take care in using sufficient heat in welding and do not 
make the union between casting and filling niaterial too sharp and 
defined. Do not allow drops of metal to fall on partially molten 
metal. Use the best grade of filling material. The best are none 
too good when all the expense of the repair may be lost by a weak 
weld. When prelieating aluminum castings for welding, do not at¬ 
tempt to heat in one place only. Keep the burner moving tn spread 
the heat uniformly. Tu welding steel be careful that the metal above 
the weld does not weld togetlier and leave a space that is not welded.) 
A shaped groove will prevent this. The accompanying illus¬ 
trations show clearly the apparatus and method of manipulating 
the torch in doing various classes of repair work, also .some typical 
automobile parts that can he saved by the -u'clding process and cost 
of accomplishing the work. The photograplis of automobile parts 
■were furnished by Henry Oave, of The Welding Company, Spring- 
field, Mass., one of the leading authorities on this subject. ^ 

Treatment of Steel, Annealing.—^IVfany varieties of steel are 
hard when the process of manufacture, especially if rolling or 
hammering is involved, is completed, these being principally tool 
and special metals. In order that they may be worked without 
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too much trouble by ordinary machine tools it is imperative that 
they be soft, and this condition is obtained by a process known as 
{jnnealing. 'While steel can usually be bought annealed cheaper 
than it can be treated at the factory or shop where it is to be 
machined, sometimes conditions materialize that make it necessary 
to anneal metal to facilitate work and to reduce stresses upon the 
inuchino which complot(‘S llio finished product. Tliis i^o^ess not 
only makes the steel softer, hut also removes the internal strains, or 
the tendency of the metal to crack and spring when hardened. 
The strains are caused by the rolling or hammering processes in i 
the steel mill or forge shop. When the metal is a forging or blank 
of nearly finished siz(‘, it is customary to remove part of the sur¬ 
face by taking s(*veral rough cuts, afh'r which the piece is ready 
for annealing. In order to soften ste(*l it is necessary to heat it to 
a uniform red heat and allow it to cool slowly, which process can 
bo carried on by several methods. 

Box Annealing.—The method commonly followed when the 
pieces arc of largo size is known as box annealing, and for this 
treatment it is necessary to ‘nave an iron box and furnace of suffi¬ 
cient capacity, as it must be obvious that to do this work in a man¬ 
ner commercially practicable it will be essential to treat a consid¬ 
erable quantity at the same time. Tliese are placed in the contain¬ 
er and packed in wood charcoal which has been ground or pounded 
into small pieces. A layer of tliis material is first placed on the 
bottom of. the box to a depth of an inch, and then follows a layer 
of the steel, then another layer of charcoal, then more steel and 
so on. 

The pieces of metal should not come within a onc-half inch of 
each other or within an inch of the walls of tlie container at any 
point, and the spaces should he filled with chareoal, the metal being 
covered with another layer of packing material about aii inch in 
depth. This method of packing is repeated until the box is filled, 
care being taken that all pieces do not touch each other or the 
iron walls. A tight-fitting cover is then applied and the seams are 
.sealed, to exclude the rlirect heat of the furnace, hy fire-clay. 
Several test wires arc placed through the top of the box, which 
are withdrawn from time to time to sec if the contents arc of the 
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p!*opor temperature. Tlie heat should be rnalntained a sufficient 
length of time Bo insure a uniform temperature, and the color of 
the pieces should not he allowed to go over a full red. After the 
hf)x and contents have been maintained at the desired temperature 
for the proper hngth of time, the heat is shut olT and the whole ' 
allowed ty cool slowly, the metal being left in the container until 
cold. • 

Two Simple Methods.—Often in shops there are no faciliti(‘s 
for box annealing and other methods may be used, though the 



Fig. 459.—^Examples of Heat Treating Furnaces. A—Hardening Fur* 
nace. B—^Ziead Pot Fumaoe for Tempering. C—Carburizing or 
Case Hardening Muffle 


work is not so uniform as by the treatment previously described. 
In one of Iheso, the metal io be treated i.s heated iji a foige or fur¬ 
nace until a uniform red, and then jdaecd on a piece of bonnl in 
an iron box, the wood resting upon a lu'd of anlies several inches 
deep. A second piece of board is placed on the pi(*ci*s. and the 
whole covered M'ith ashes. The pieces of wood will smoulder and 
maintain the metal at a high tempcral\ire for some lime. Anj)tlier 
common method of annealing is to hc'at the pieces to a red heat ami 
merely bury them in aslies, which is ajd to give unsatisfactory re¬ 
sults unless the ashes are also heated which can be easily aeconi- 
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plishod by burying a large piece of heated iron in the annealing 
lx)x. When the steel has been sufficiently raised in temperature this 
piece of iron is removed and the steel part buried in its place. 
Tlio whole secret of successful annealing is to gradually heat and 
' cool the metal to be treated ; and the more gradually and iiuiformly 
the temperature rises and falls, the better the cliaracUir of the 
work. • 

Hardening.—After llie parts have biM‘n machined to the finished 
or nearly finished size, approved practice is furllier heat treatment 
to either toughen or harden the steel. The amount anti character 
of treatment depend largely upon the use for whieh tlie piece is 
inteu(le<l and t)»e composition of the material. Steel may bo hard- 
. <‘!ied fjy several proeesstjs, tlie most eommori of wliieh is raising it 
to a low red heat or dull eherry red and plunging it in some cool¬ 
ing medium .such as water, brine or oil, or by case hardening, whieli 
merely acts on the surfaoo of the metal. 

Steel should never be heated to a temperature greater than re- 
(iuir<'d 10 give tlie desired result, and the degree varies with the com¬ 
position of the steel a.s relates to the cari)on content, the size and 
shape of the piece aud the purpose for which it is to be used. Much 
depends upon heating uniformly; the edges aud comers should be 
no hotter than the center and the interior should be of the same 
temperature as the surface. Tf this precaution is not taken the 
metal may crack in the cooling hath, because uneven changes take 
place in Ih'e molecular structure. Tf heated in an ordinary forge 
he sure that no air from the blast strikes it, winch wi I prevent uni¬ 
form heating. When \miforinly lieated it should ho j)Umged in a 
bath to give it ])roi)er hardiies.s. Jt must he worked up and dowm 
rapidly in tlie hatli to prevent Hie film of steam forming, which 
would siirroinid it if kept in one position aiid prevent proper con¬ 
tact with the cooling fluid. If tliC piece is long and slender it must 
^he moved up aTul down, hut if shoit and with teeth on tlic outer 
edge, as a milling machine cutter it should he agitated rapidly that 
all teeth will be cooled uniformly. If it is flat and has a hole 
through it, the walls whieh must be hard, it should be so moved 
that the liquid of the hath passes through the aperture and at the 
^same time strikes both faces. Tool steel should always be hardei^fd 
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at a temperature ^about 1350 to 1450 degrees) wlnc']i leaves a flue 
grain when tlief piece is broken, wliicli can be determined by hard¬ 
ening and breaking a small piece from the same bar as the part 
is to be made. A coarse grain denotes a Inglier temperalure than 
is permisvsible. An excellent bath for hardening small pieces is^ 
made by dissolving one pound of citric rood crystals in one gallon 
of wqt.er. The container should be tightly closed when not in use 
to prevent loss by evaporation. 


IlKAT PETKimrN.VnOX BY COLOR 


no«roc!!t F. 


752 

400 

885 

474 

975 

525 

1077 

581 

1292 

700 

1472 

800 

1652 

900 

1832 

1000 

2012 

1100 

2192 

1200 

2372 

1300 

2552 

1400 

2732 

1500 


Culur of IlratH 


Red-visible in the dark. 1 
Re<l-visible in twilight. > Tempering. 
Red-visible in dayliRrht. ) 

Red-visible in sunlight. ( 

Dark rod. ) AnnoalinK. 

Dull cherry red. Hardening. 

Brfght cherry red. I Carbonizing. 
Orange red. ) 

Orange yellow. )■ Forging. 

Yellow white. ) 

White-welding. 

Brilliant white. 


Pack Hardening. —Pack luirdening is the method employed 
with pieces that cannot be treated by the ordinary processes wilh- 
out risk of springing or cracking them. The article is packed in* 
an iron box with some carbonaceous material and subjected to the 
action of heat to cause it to absorb enough carbon to enable harden¬ 
ing in an oil bath. 'While this treatment is not generally u.scd it is 
suitable for a number different tools, sucli as milling cutters and 
taps or dies wbieli must be hardened without altering the diameter 
•or i)iteli. The usual material emj)loycd is ohaiTcd leather which 
Is mixed with an equal quantity of wood charcoal, <)otJi materials 
being reduced to particles about the size of a pea, or smaller. The 
pieces arc placed in a eontaim'r and packed in the manner as for 
box annealing, and as is the case with that, process it is just as cheap 
to tj’cat a iinniber of pieces as it is one. providing the box be of sufl’i-, 
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cioiit capacity. The ]»ic(vs should be wired with ordinary iron 
wire of sufficient size to sustain ti)o weight of ^lie piece when 
heated, and one cud of the wire siioidd I)e covcM'ed with a luting 
ol! fire clay. ^ Several lioles should be drilled in the cover for test 
^ Aviivs. 

Tlie hox is placed in the furnace and heated sufficiently (about 
1650 to 1700 degrees) to cliarge the parts with carbon, which varies 
with the character of tlic parts treated. For in.staiicc with a piece 
of one-lialf inch diameter or under tlic heat is juaiutahied for about 
one and one-half Innirs, whih* piices from two to llirec inches in 
diameter iinisl In* heated for two and oue-lialf to four hours after 
llie parts have iM'come red hot. \Vliou the l>ox lias been niaintainod 
at the reipiired lempevafnre for the correct ]»crio<I, it is removed 
from the furnace and the cover takeii ort'. The jiarls are then re¬ 
moved by uicmis of wires attached to them and immersed in a batli 
t>f raw linseed oil. Tlicy slnmJd be moved about in the li<iuid 
until the red lias disappeared and are then lowered to the bottom 
and allowed to remain imnan’sed until cold. AVheii a piece of steel 
one inch in tliametcr or larger is hanlciied, it should be immedi¬ 
ately rehcatc<l o\(*r a Hro after cooling, to prevent cracking, wliich 
would be caused by moh'cnlar change.s which take iilacft after the 
outer surface is hardened and unable to yield to unequal slrain.s. 
Kehoating the surface to a temperature of about 212 to 800 degree?, 
I’^alirenhcit will accomplish the desired result without materially 
softening tlie sled. 

Tempering.— The liardening of a cutting tool niaki's it too 
brittle to sland up w’cll in use, and eonscqueiitly u is necessary to 
soften it somewhat. Tlii.s operation is known as drawing the 
temper and is accomplished after the part has been quenched by 
reheating to a pro])er temperature, which is ordinarily determined 
by the color on tlie surface of the tool, whicli must be brightened 
previous to tliis operation. As the metal is raised in temperature 
a light, delicate straw color will appear, and then in order, as deep 
straw, light brown, darker brown, light purple, dark puride, dark 
blue, light blue, blue tinged with green and black. When black 
appears the temper is gone. These colors furnish a guide to the 
temperature and condition of the hardened steel. A table pre- 
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sonted hercmth gives the color and corresponding temperature at 
which the various tools mentioned arc best quenched. When work 
is teniper(*d in large (piaritities the above method is expensive, aud 
is not as rtdiable as M'hen the articles are heated in a kettle of oil, 
using a llieiynojnetor for indicating the lempcTature. A piece of 
perforated int'tal is used to keep iiieees away from the bottom of 
the kettle, thougli a wire basket will serve the purjKisc e^en better. 
As S(xui as tlie parts are raised lo tlic required tempcratuie they 
are quenched to liarden. 

Case Hardening.—MHien an article of wrought iron or low 
carbon steel is to liavo a hard surface it is not possible to treat it 
])y merely quenching, as there is not enough earbon in the steel to 
insiiJ’o proper liai<lf ijing. The proees.s of Ireating such materials 
is kriovn as eas(‘ ]iar<leinug aitfl consists of eoveriiig the surface 
A\}iile r(‘d liot witli some material which forms a coating or case. 
.Steel, whicli ran bo liardenoil by quoncluug, as in previous procos.ses, 
Suuill parts, .sucli as nuts, bolts, cones, (‘te., may be case liardeiu’d 
by lieating ri'd liot and eovei-ing with a tliin layer of powdered 
cvajiido (»f ]>o1assiinu, and ■when this melts, tlie article is again 
heated to a red Jieat and plunged in water. While the above pro- 
C(‘HS is suitable for har<ieiiing a few small pieces it is not recom- 
nicmlcd for large quantities of work, as the results would not be uui- 
I’onu aud the process woidd be too expensive. If many small pieces 
are to Ix' cs»se hardened at tlu* same time, they may be treated in 
much the same manner as in box annealing. Granulated raw bone, 
and granulated charcoal .should he mixed in 0 (iuaL proportions and 
a layer of tliis mixture placed in an iron hardening I ox to the depth 
of one or one and one-half inches. A layer of the articles to be 
treated is tbeii i)laced in this and these are covered with more ma¬ 
terial, the same care being observed in packing and with regard to 
test pieces as with other procesw's. After the container has been 
sealed it is placed in a hardening furnace and the temperature 
maintained at a point which will keep the pieces at a red heat for 
periods varying with the degree of the surface hardening desired. 
Generally carbon will penetrate the surface of wrought iron or soft 
steel ono-eiglilh inch in 24 hours, but as it is seldom necessary to 
harden any deeper than one-thirty-second inch, the work may be 
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taken out after four or five ]ioui's. ‘With small pieces the e.oiitc'nts 
may be emptied into a tank through wliieh tluTO is a constant circu¬ 
lation of water. Tf great toughness is required, the packing ma¬ 
terial is sifted uiit ami the pieces ininiersed in oil. Largo pieces 
must be dipi>ed one at a tijne and can b(i wired so that they can 
be reirioved from tlie Jiardtming box when dcsiiXMl. There has b(;eii 
great deveiopioeiit of lute in scientific heat treatment, though it is 
not witlnii the province of this treatise to discuss lh(‘se in detail, 
the processes which have been described being tliose which arc of 
I)articular interest to the practical mechanic or repairman. 

Distinguishing Steel From Iron.—-AVhilc nitric acid has no ef¬ 
fect upon tho brightness of iron, it will produce a Idack s])ot on 
and the darkiT the spot the liardcr tlie steel. (Jood Rteel, when 
in the soft slate, has a curved fracture and a uniform gray luster, 
but in the lianl state it is a dull silvery nuifonn white. Cracks cr 
threads denote inferiem quality. Good steel will not bear a wtiite 
heat witliout falling to pieces, and will crumble under the liaminer 
at a bright heat, while at a mild red heat it may be drawn out to 
a point, iron cannot be liarcleiied as its carbon coiiti-nt is too 
low. 

Hardening Steel Tools. —One of the best, if not tho ])cst, com¬ 
positions for hardening steel tools for cutting iron or wood, or eveJi 
steel, is the following: To one gallon of eommoii fish or whale oil 
add one pound eacli of beeswax and resin. When this has been 
tlioronglily iiiixoJ by boiling and stirring, heal the steel until the 
scale rises a little; then immerse in the boiling oil. When cool, heat 
over a clean fire until chiTry red, and immerse in cool oil. Kesin 
hardens steel, w'liercas beeswax and tallow' toughen it. It* it is 
preferred to temper in daylight, clean the steel, polish it, and draw 
to tl\e color desired. 

Temperatures for Tempering.—The followijig table gives the 
required tcmpei*aturo in Fahrenheit degrees to produce certain 
colors, when tempering hardened steel: 

Lathe, shaper and plaufr tools: 

430. Very light straw. 

450. Light straw. 



Heat Treatment of Steel 

TapSy dies and wood turning tools: 

47(K Dark straw. 

400. Vciy dark straw. 

JIdtehits, chisils, 

000. BrownisJi yollow. 

o20. Yellow, tinpc<l with imrple. 

030. Light i)iiri)le. 

Springs, ric.: 

050. Dark jnjrple. 

570. Dark hlue. 

Molten Metals Produce Desired Heat.—Tlie i'ollowing table 
gives tlu! i)n>i>(irtjoiial i>arts of load to one ])ouu(l of tiu, which 
when melted will lune the required temix^rature to produce certain 
colors on hardened steel, by sini])le immersion: 


Colur 

TKM IMCJlATliUK 

F. Dcflrrce^ 

Proportions 

''cry straw .. . 

. 430 

]% to 1 

l.ii'ht straw . 

. 450 

2 If, to 1 

Dark straw. 

. 470 

2ls lo 1 

^’ery dark straw ... 

. -100 

.3V» to 1 

lirownish yellow ... 

. 500 

4 % to 1 

bight'purple. 

. 530 

7Vj to 1 

Dark purple. 

. 550 

12 to 1 

Dark blue . 

. 570 

% 

25 to 1 


Working Steel and Iron.—Steel never should be kept hot 
longer limn necessary for the work to bo done, as if left too long 
in the fire it will lose its steely nature and grain, assuming more 
of the qualities of cast iron. AVhen steel has been subjected to 
heat not absolutely uniform over the wliole mass careful annealing 
should follow. Hot steel always should be put in a perfectly dry 
place of even temperature while cooling. A wet floor might prove 
sufficient to cause serious change. It is hard to make the average 
worker in steel believe that very little annealing is necessary, 
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ami lliat a very ('lianf^o is more efficacious tium a p'rat deal. 

Iron heatt'il and siuM(*i)ly cooled in waler is hardened to some 
exieni and tin* }»pcakinp: straifi, if j'radually applii-d, is iin n'asiMl. 
j)tjt it is more likely to snap siuldenly. !)' heated ami allowed 
1(» e()ol p'adiuiliy it is softeiied and its hreakinp: strain is red.ueod. 
jr ])rou*ilit to a white heat inm is injured if it is iinl. at the same 



Fig. 460.—^How to Bemove Dents from Sbeet Metal Objects and 
Methods of Bending Steel Tubing and Pipe. 


time lunuraerod and rolled. Ca.se Imrdcniu}? bolts weakens llicm 
to some extent. 

Annealing Cast Iron.—To anneal cast iron lieat it in a slow 
charcoal fire to a dull red, cover it with about two inches of fine 
charcoal and spread over all a layer of ashes. It .should bo left 
until cold. Hard or chilled cast iron can l)e softened sufficiently 
in this manner to be filed or drilled. 

Bending Pipe and Tubing.—Tubing is widely used in the eon- 
struclioii of the automobile and its parts, and tbo repairman may 
sometimes desire to make a bend to replace a defective component, 
such as a water or gas iidet or exhaust pipe, which has become 
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and (U'lited. Tubinix is aiacb* of many jiiat<‘rials, copper, 
brass and steel l>einjx t)ic‘ tnost eoiniiion. M jnay be eilber bard or 
aiiiiealeil, dependiiif' upon llu* use for wliieb it is intended. The 
anneal or temper of seaiidess tiibinjx is very hnpcjrtaTit and siioidd 
1 m- careriilly oonsitlered belore All seamless tnl>es, rejxard- 

less of llic- nu'lal of wiiieli lliey are made, afler heinjx<‘old drawn 
are very bard ami inelined to bo brittb*, and have to be, jtnnealed 
to suit difb'reiit j-otpui'i'iiiejils. Tnbiiit? is furnished in Ibrts* dider- 
ejd leinpers—bard, medium ami soft. T(»e bard tcmjxMvri is used 
wlu-ro j;ri‘al strenjxtb, rijridity and slitVness are re<inir(Ml ami \Yliere 
the tidu’s are not to be maiuptduted in any way ll>al would ebaiige 
their form. The Jiiedinm temjjer is usetl where slrenjrtb and tough- 
jHhS are needed and uhero only sliKld or inedi)im eban^e of form 
is ri'fpiircd. The soft is ns<Hl where the lubes ninst bn luaidpnlated 
ami where such decided ehaMg:n of form is r<*((uin‘d that it deinamls 
<luotilc ajal pliable material. 

A man not a im*eliaijieai expert is not expected to know' the 
difiVvmt jxrades of tubin'?, and in ])roeurinf? this product the luis- 
tiike is often made of buying? tubiuj? wbicli is not suitable. A file 
will tell the niecbaTue of llic de»?reo of hardness and proper allow¬ 
ances are made, wiu'u it is desired to make bends. Many tubes of 
different make are linislied so nearly alike that it is difficult to 
determine just w’hat will be llie most suitable. The lldnner the w'all 
of the tube the more care will be necessary to make a gt)od b('Tid as 
thiu-w’alled tubing is more liable to collai)se Ilian that w’ith tlucker 
walls. If a piece of bard tubing is bent witliout first anuealing, 
it will break soft; as at A, P^ig. 400. A piece of Ibin-wallcd tubing 
will collapse as at B. Sonic tube with a moderately thick wall 
can be bent without heating or filling though most ihjw used in the 
aj’ts should be filled before bending. If the interior is made solid 
or nearly so with some .substance it can be bent to a c*iirve of very 
small radius without damage to the wall, providing tlic tidiing is 
properly heated and is of the J’ight temper. Such a bend is shown 
at C. "With a solid filling it is possible to nianipnlato the tube as 
desired, l?ut it is not a good idea to use either a vise or w'roncli, or 
hammer and anvil for bending as the walls of the tube will suffer 
and the appearance of the joint be unsatisfactory at least. ^ 
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Filling the Tubing. —In securing a good bend .special care must 
be taken of tiio ihaterial or filling to be used a.s a support for the 
inner wall while bending. Oiio way of filling or packing a pipe or 
tube for bending consists of pouring into the internal bore a molten 
substance, such as resin for brass and copper pipes, or a soft, low'- 
melting puhit lead alloy in steel tubing. The thinner the wall the 
more e'lrefully must the bending be done, and the heavier tho 
material used for a core. The method of filling is very simple, 
a fiuuK‘1 is inserted in the tube and the molten material ]ioured in 
and allowed to eool. This may be removed after the bend is made 
by heating the lube, wdiioh causes the substanee to melt and it may 
b(! r\in out. A tube may lx; packed with clay (ir putty, though 
these suhstances are hai’d to remove fiorn the interior after the 
bend is made. For liot bending the tube may he j)lugged up and 
packed with sand, which is easily removed. If the entire length 
of tho tube is to be bent around the arc of a circle the core may be 
a soft iron rod, which can be removed willi ease after the operation 
is coini>letL‘ as it has taken the same degree of eurvature as the tube. 
This also pcriiiits of liot bending. Tlio 1ub(‘ is ansorted in the hole 
of a bending block or when in a fixture may be bent baelc over the 
wheel, and curves of any radius may ho obtained by u.sing larger 
or smaller wheels. The device is often nnule so that it can be 
clamped in a vise, Ibougb where much work of this character is 
done it is fastened securely to the bench. For the motorist who 
makes his own J'ljpairs or the experimenter the block shown is sufii 
cient, as good w'ork may be done with even su(;h a simple appliance 
if proper can; is taken in filling the tube before bending. 

The pipe bending fixture shown at Fig. 4Cl wa.s illustrated ii) 
the Ilorst'less Age and is a v(;ry siinphi one to build, requiring only 
materials and tools found in almost all garages for its fabrication. 
, With this dj'vice it is not alwolutely necessary to fill the* pipe with 
sand, resin or other material. The description will enable one to 
make such an apparatus. At A is shown a cast iron base about 
tw’o feet square and two inches wide, cored out underneath so as 
to make it lighter. At B is a grooved wheel which is removable 
so that it may be replaced with similar wheels of different diameters 
for difi'erent sized bonds. For instance, if the pipe is to be bent to 
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a 4-mch radius, a wheel 8 inches in diameter will be required. The 
wheel has a groove turned in its outer edge just a*trifle larger than 
the pipe to be bent. It is made so that it will slip off and on the 
stud G easily. This stud is made of steel and is riveted to the 
base A, as shown. A follower wheel C is attached to the handle D 
and this ia used for any bond for a given size of pipe. It will be 



Fig. 4'61.—Simple Fixture for Bending Tubing Without Damaging 

the Walls. 


noticed that the lever D has a series of holes, these being so spaced 
that .when a different sized wheel replaces B, the wheel C can be 
moved out toward the end of the lever, keeping the center of the 
pipe N between the two grooves. The wheel C is held in place by a 
shoulder stud E and locked witli a nut F. Since the base A has 
the boss finished off for the larger wheel to tiiin upon, the head of 
the stud E will clear the base when tlic lever arm is swung around. 
The stud G has a shoulder or groove cut around it, as shown in 
the sectional view. This is done to allow a tapered pin JI to lock 
tlic arm D in place. The lever is milled out at the end, as shown 
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iu the plan view, and a hole is drilled through both sides to take 
the tapered ])iu» wliicii is plaecd so that it will lock the lever on the 
stud and yet allow it to turn freely. ,At,J is sliow'n a block ma¬ 
chined out of rectaiiRular stock with a round end turned on it so 
that it 7iiay l)e inserted in the base, A. A hole is drilled in this 
piece just a trifle larger than tlu* pipe and a slot saw'cd through the 
hole. Theif another liohf is drilled at the top for a clamping bolt 
K to hofd the pipe iu place, 'i’he apparatus is now ready for use. 

To bend a pipe of the size for whicli the block J and the w'heels 
R and C have been made, turn the lever back 90 degrees from the 
position shown in the illustration. Then insert the pipe between 
the grooved wheels and clamp the end in Ihc block J. Then pull 
the lever around to the position shown for a 90-degree bend and 
another 90 degrees for a return bend.. The holes for tlic stud J 
arc drilled in the base A on a line with the centers of the two 
grooved wheels, and these holes can be drilled in all four sides of 
the base. It is best, of course, to set up the apparatus and bend 
all of one size pipe and one radius at one time. After making a 
bend, the pin II is removed, which allows the lever to be pulled 
forward, carrying with it the wheel C. This leaves the pipe free 
to be removed after being undamped from the l)lock J. Sometimes 
a piece of pipe is encountered which is so hard that it cannot 
be bent easily. In this case the lever may be lengthened by slip¬ 
ping a length of gas pipe or oilier tubing over the outer end, 
giving a much greater leverage and particularly stubborn pieces 
of pipe or tube may be bent by heating several times if necessary\ 

Straightening Out Bent Fenders. —When the fenders become 
bent the usual practice is to remove them and take them to a tin¬ 
smith for repairs. This involves considerable trouble and delay. 
Tlie average fender may be straightened out by taking a block of 
wood or a strip of metal and placing it on the damaged part as out¬ 
lined at Fig. 460, G. A damp i.s then attached and when screwed 
up the kink in the metal will be eliminated. While some of the 
l>aiiit will crack, the fender will present a much better appearance 
than if it were straiglitened by hammering. 

Removing Dents in Tanks, Etc. —The following methods of 
taking out dents in hollow metal containers may prove of service 



Soldering (ttid Brazing 017 

to repairiiipii as well as motorists in general. If the side of the 

I'lu*! tank, f(»r example, is indented, a loop can be^mado in a piece 
of stout brass wire, or a piece of brijjUt steel rod, ’wliich is bent at 
right angles ami soldered to the lowest part of the dented metal, 
as at II, Vig. 400. A larger loop is th(*n made in the other end of 
tlio wive and with llu* aid of a small pincli bar and a block of wood 
to act as a fulcrum for the lever, Die dented surface eaft be easily 
imlled flush witli tin' surface of the tank. The base of tlie wooden 
block should be of sunieient area to prevent the sid(» of the container 
beconiing indented by it because of the prcssin'e brought to bear 
with the b'ver or bar. Dents in lieadlights and tlepressions in the 
surfaces of horns, small tanks, gas geueratoi*s, etc., can be taken 
out in a similar manner except that in place of the bar a stout 
cord should be attached to the wire loop and its free end fastened 
to a vise or otlic*r conveniciit anchorage. Fig. 4fi0, I, shows method 
of repairing a lank, while J shows a sketch of a horn under treat¬ 
ment. The latter is grasped in the hands and a few gentle pulls 
will remove the dent. Obviously any other small metallic article 
can bo repaired in the same way. The wire loop in all instances 
can be easily applied or removed with a blow torch or soldering 
iron. 

No (loiibt more elaborate methods can be resorted to by those 
skilled in sheet metal w’orking, but the WTiter believes that the 
above nietbod is as simple as any for a piece of wire can be easily 
bent to any shape to suit the requirements of tlie job under con¬ 
sideration, No tools of great value are necessary, and such as arc 
used—viz.: a IcTigth of wire and soldering iron—(in be found in 
almost any liouse, and the process presented can be used to ad¬ 
vantage with any gauge of metal generally employed in the con¬ 
struction of the various small articles which the motorist would 
attempt to repair himself. 

Soldering and Brazing Processes.—Solder must bo used on cer¬ 
tain parts of an autoriiobile, notably tlie radiator, the tanks and the 
lami>s, dt-spite tlie fact that siicli construction w'hen subjected to 
stress or viliration, is not considered best. It is of considerable im¬ 
portance that permanent work be accomplisbed and in roacbiiig 
this result it is necessary to bear in mind certain fandamcntal prin- 
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ciplcs relative to the use of solder in all classes of work. First the 
metal surfaces to he joined must he clean. This means in the most 
rigid sense. Wiping or cleaning with aoid or gasoline is not suffi¬ 
cient. The metal must be clean, chemically, as well as free from 
any oxide. The best method is to use sandpaper or file the surfaces 
just before soldering. The surfaces must be hot—as well as the 
solder itse'if. The solder must be melted to fiow with perfect frec- 



Fig. 462.—^Furnace Used for Heating Soldering Coppers at A and 
* Efficient Brazing Forge at B. 


dom, ollierwise it will not enter the pores of the surface to be 
joined. The solder must not be so hot it will hum, however. A 
solder bath or a soldering iron never should get red hot. It is not 
difficult to do a good job if the iron is large enough. 

Time must be allowed for the heat to flow from the copper to 
the work. To prevent the solder running away the work should be 
held with the seam horizontal. Tt is impossible to hurry work of 
this kind, except by changing irons to keep the work hot. Most 
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botches are tlue to imperfect cleaning or to j:lie workiug be¬ 

ing hnrried througJi before it bag l)een lieated properly. The 
strength of solder is small; and its elastic limit far below its ten¬ 
sile strength. The area of the joint must be large. Two strips 
overlapping by a narrow margin are n(;t tis strong as with a wide 
overlap. With a lap snffieieutly wide it is (piitc passible to make a 
joint stronger tliaji any otlier part of the piece, not forgetting" how¬ 
ever that a soldered joint never sliould be subjeeted to bending or 
other stresse.s wliieb Idealize the strain endured by the solder. The 
choice of Hiix naturally will dopcnil upon the work. The object 
of the flux is to i)roservo the chemical cleanliness of the metal while 
it is being Iiealed and before the solder adheres. Save for the flux 
the hot metal would oxidize slightly on the surface and the solder 
could not unite with it. 

If it is desired to solder two pieces wliicli have some thickness 
and hulk a good piece of work cannot he done with a soldering iron, 
because the ]>arts will absorb beat faster than the iron can supply 
it. With such work a torch must be used for sweating, heating 
thoroughly the parts adjacent to the intended joint and as far back 
as may be majessary. If the surfaces are more than onc-eighth to 
one-qnai*ter inch wid<‘ it is better to tin them before uniting. This 
is done by spreudiiig a simiotb coat of solder over the entire sur¬ 
face while hot. It is only ncce.s.sary to press tw'o such prepared 

pieces together and h(?at them to the proper temperature to make 

« 

j a perfect uniop. JIuch lime is saved in sweating operations, par¬ 
ticularly in manufacturing, by dipping the work’ nto a bath of 
molten solder. The hot solder supplies the necessary lient and the 
whole job is practically instantaneous. Great care is necessary to 
keep the hath at*proper temperature. If it is too cold the work will 
not hold, and if it is too hot the solder will be burned and its use- 
fuluess gone. The accompanying tables will be found \iseful, one 
^ giving the fluxes that are best used with various materials, while 
the other giv(’s the composition of solders and spelters found sat¬ 
isfactory for general application. The more tin there is in a solder, 
the stronger it is, hut it is harder to melt than those having lead as 
a predominating clement. In the case of speller increasing tlie 
-^proportion of copper increases the strength: 



920 Automobile Hcpairing Made Kasy 

Fluxes for Holderiny. 


Iron or steel.Borax or sal-ajnmoniac 

Tinned iron .Tiesin or cldorido of zinc 

(Copper to iron .Kesiii 

lixm or zinc.Cliloride of zinc 

Oalvnnized iron ..Mutlon tallow or resin 

(klppc^ or brass.Sal-ammoniac or chloride of zinc 

Lead.Mutton tallow 

Block till.Kesin or sweet oil 


SOLDERS AND SPELTER FOR DIFFERENT PURPOSES 


Solder for 

Silver 

Tin 

Lead 

Zinc 

Clipper 

Gold 

Brass 

Electricians. 


1 

1 




• 

Gold. 

2 




i 

24 


Piatinuni. 

3 




1 



Plumbers’, hard. 

Plumbers’, soft. 

Silver, hard. 

. 

2 

i 


• 



. 

1 

3 





4 

. 

. 


i 



Silver, soft. 

2 




. 


i 

Tin, hard. 

• 

2 

i 


. 



Tin, soft.;. 


1 

1 





Spelter for fine brass. 

i 

. 


8 

8 



Common brass. 




1 

•1 



Cast iron. 

. 



3 

4 



Steel. 

• 

• 


1 

3 



Wrought iron. 

Parts by weight. 

• 

« 


1 

2 

1 

• 

• 


Lead Burning. —Lead burning consists in melting the metals 
and causing the parts to flow together and become joined without; 
the aid of solder. It requires considerably more, skill than any 
other form of brazing or soldering. A long step toward success 
may bo taken by tlie jiroper arrangement of the work. It is iisiial 
to provide something which may serve as a mold or guide for the 
melted metal. For example, if two lead sheets arc to be united by 
soldering, they arc laid on a sheet of some non-heat-conducting 
substance, .such as brick or asbestos. The work in the immediate 
neighborhood of the joint is carefully scraped so as to remove all 
oxide or scale which would tend to hind tlie melted load and pre- 
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Fig« 463.—Forms of Soldering Coppers and How to Tin Them. 


vent it from flowing freely. The metal at the sium is heated by 
a very hot bit or the flame from a blowpipe so that there is a uni¬ 
form flow of lead across the w'ani. It is sometimes necessary to 
add more lead' to the seam by melting a strip held in the hand. 
A flame of some sort i.s tlio most satisfactory source of heat for the 
average lead burning job, because not only is the heat more iini- 
fonn, but also more intense, and tlic lead mells at llie desired point 
before the surrounding metal becomes siiflieiently bot to soften. 
There are several types of blowpipe for this jmrpose on the market. 
Some employ an alcohol flame, while others make use of mixed 
hydrogen and air. The flame is usually small, sharp-pointed, and 
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very intense. Lead burning is absolutely necessary, and is insisted 
upon in certain classes of work for instance, in lining tanks with 
lead for chemical solutious, or for joining the grids and lugs of 
storage batteries. 

Soldering Aluminum. —Many components of the modem motor 
car are njade of aluminum and in making repairs, if these be broken 
or cracked, tliis metal is extremely difficult to solder. While many 
attempts have been made to solder aluminum in the ordinary way, 
and even with special fluxes and solders, hut little success is ob¬ 
tained unless the conditions obtaining are fully appreciated. Alu¬ 
minum is very light and melts at comparatively low temperatures, 
and because of its rapid oxidization it is necessary to take great care 
to secure bright metal to which the solder will adiicre. The alloys 
with which the motorist has to deal vary in proportion of alloying 
elements, depending upon the use for w'hich the metal is intended 
the substance commonly used in combination being zinc, copper, 
lin, manganese, magnesium and sometimes a trace of iron. The 
larger proportion of afiy alloy is aluminum, and on the whole the 
soldering problem will be about the same in all cases. As must be 
obvious because of its low melting point, aluminum w'ill not stand 
prolonged heating, a condition that may be disregarded in the ease 
of most of the other metals amenable to soldering and brazing pro¬ 
cesses. Then again, when the critical point is reached in the heat¬ 
ing, aluminum suddenly “ wilts and every precaution must be ob¬ 
served to prevent the metal becoming too hot. The following tabic 
will show the relative melting points of the common metals: 

Melting Point of Metal, 

Fahrenheit 


Tin. 445 

Lead . 620 

Zinc . 780 

Aluminum .1160 

Bronze..1690 

Silver .1730 

Gold ..1900 

Copper .1930 











Soldering Aluminum 923 

Melling Point of Metal. —ContiinipJ. 

• DAfrre«8 
Fahrenheit 

Cast iron _.*.'.2000 

Steol ..2400 

Wrought iron ..^000 

Platinum.32IJ0 


e t 

From the foregoing it will be evident tliat the metals of which 
the average solders are composed liave melting points biit little 
lower than that of aluminiun, and careful mjiini)ulation will be 
necessary to insure heating the metal sufficiently to melt the 
solder, and at the same time not weaken the aluminum or cause it 
to flow. To successfully solder alumitium demands considerable 
preparation fiinl careful manipiilatiou, and authorities differ as to 
the best methods and solders to use. All agree that the metal must 
be dry and absolutely clean, and while this is easily said and ad¬ 
vised it is difficult of accomplishment. If one cleans aluminum 
ill ordinary temperatures, no matter how carefully, and obtains a. 
briglit surface, it i.s impossible to retain this as new oxide forms, 
on its surface as soon as brightened. For this reason, some skilled 
in the arts reeoinmeud immersing the parts to be soldered iu a 
stroJig solution of hydrosiilphatc of soda for several hours before 
joining them. The best solder to be used depends to a certain ex¬ 
tent upon the alloy of aluminum, the same as with other metals. 
One that has been used with good success is made as follows: Ten 
parts eacli by weight of tin, cadmium and zinc and one part of lead 
all of which arc melted together. 

Dampness or salt air are the bane of the process of aluminum 
soldering and the rapid oxidization makes “tinning’’ which is of 
such benefit iu uniting other metals, i)ractically impossible. As 
moisture will hasten oxidization, the safest method of proceeding 
will include the drying of tlie surfaces, assuming that these have 
been proijerly prepared, as well as the solder, in an oven or other 
suitable container at a high enough temperature to thoroughly heat 
all parts, but lower than that required to melt the solder. When 
the parts are tlioroughly dry, the next thing to do is to scratch 
the surfaces vigorously with a metal brush, bringing out the un- 







924 


Automobile Repairing Made iiVmy 

tarnished iiietid. and removing all Iraees of oxide. ,T1 k* next step 
is the heating of tlie aluniinuin parts nearly to the melting point 
of the solder, and after applying the alloy to the snrfaees, hriisk 
it into intimate relation with the snrfaees, using tin; metal briisln 
TP the solder does not adhere there is still some oxide on the sur¬ 
face, and Jho operation of eleaning should he rei>e:dod. AVlieii the 
surfaco« to he joined are properly coateti wiflj solder, the rules 
whieh govern ordinary soldering work will apply, it being merely 
neeessaiy to heat the surfaees, melt the solder ami join the snrfaei’s. 
l*lith<T a bnnseii burner or blow toreh caji bi^ used t(» heat the metal, 
and the iiuporlanl points to nnueniher arc tliat the work must he 
done quickly and that the surfaces to 1)0 joined be as clean and 
dry as possil)le, and as free from aluminum oxide as conditions 
Mill permit. 

It* the surface is of sucdi a shape that it cannot be readily cleam-d 
by scraping, it can be cleaned by dipping it into a solution of 
nitric acid in three times its bulk of bot water containing about o 
per cent, of coniTnercial hydrofluoric acid. This cauws a slight ac¬ 
tion on the surface of the metal as shown hy bubbles. Kinse the 
metal after removing from the acid batli and dry in hot sawdust. 
There are various compounds ori the market for s()ldering alu¬ 
minum, but this operation depends more on the workman than on 
the solder and unless coiisiderabie experience has been had it is 
probably better to purchase solder than atteui])t making it. Zinc 
can be used hut does not form a very strong joint. Tin can also 
bo used, is more nearly the color of aluminum, is stronger than zinc, 
but is very difficult to work. A small proportion of phosphor tin 
added to pure tin makes it wxrk more readily and is the basis of 
most aluminum solders. The chief difficulty in soldcriug aluminum 
is that the heat is dissipated so rapidly that it cools the soldcriug 
iron and furthermore aluminum oxidizes instantly upon exposure 
to the air. This extremely thin film effectually prevents a perfect 
union being made. If the parts are well heated and melted solder 
kept hot w’hile the iron is allowed to stand on it, the surface can 
be scraped beneath the melted solder by the point of the soldering 
iron, thus preventing to a certain extent the oxidization. In this 
way the metal can he tinned. When both parts are brought to- 
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^otlior and are lijiacd, they can bo united with some cliance 
ot* snocess, nitrate of «ilvor, rosin, or /ino cdilorutt‘ being used as 
u fiiix. A soldering tool pi* niekol gives more satisfactoiy results 
than a copper one as tlio latter alloys M-ilh the tin and soon be- 
eonies rough. 

Anotiier authority advises as follows: Vse zinc and Venetian 
turpentine for soldering small surfaces. Vlaeo the solder pn the 
metal and heat vei\v gently with a blowpipe until entirely melted. 
Another is to clean the siirfaeos by sei’aping and covering with a 
layer of paralTine wax as a flux then coating tlie surfaces by fusion, 
using a layer of alloy of zinc, tin and lead, preferably in the fol 
lowing pro]K>rtions: Zijic, five parts: tin, two parts; and lead one 
Metallic surfaces thus juvpared can be .soldered by means 
of zinc or cadmium, or alloys of aluminum witli these metals. 
Twenty-eiglit ounces of block tin, three and one-lialf ounces of load. 
^ev<‘U ounces of spelter, ajid fonrt<*en ounces of phosi>bor tin, con¬ 
taining 10 per cent, of phosphorus, will make a good alniiiinuin 
soldei*. Clean off all diil and grease with benzine, apply the solder 
with a coj)per bit, and when the molten solder covers the metal, 
scratch through the solder with a wire scratch brush. A good soldi*r 
fo)‘ low grade w«)rk is composed of tin, 95 parts, aiul bismuth, five 
parts. A good flux in all cases is cither stearin, vaseline, parafiRne, 
copiiiva balsam or benzine. Small tools made of aluminum or nickel 
slmuld be used in tlie operation of soldering. These facilitate at 
llie same time the fusion of the solder and its adhesion to the 

J j)reviously prepared surfaces. Ooi)pcr or brass t'jols should be 
avoided as they would form colored alloys witli the ilurninum and 
the solder. To sweat aluminum to otJier metals, first coat the alu¬ 
minum surface wdth a layer of zinc, on top of wliich is melted a 
layer of alloy of one part aluminum to two and one-half ])arts of 
zin<?. The surfaces are then placed together and lieated until the 
alloy between them is liquefied. 

^ How to Braze Steel and Iron. —As with soldering, it is impor¬ 
tant in brazing to clean the work thoroughly. Sand blasting is 
an ideal method of cleaning for brazing, although the work may 
be done with a file and emery cloth. The sand blast not only cleans 
the metal of all scale, but penetrates the pores, leaving it in condi- 
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tion to receive and hold the brass. It also costs less than tbe hand 
method. There,are several compounds iu the market that will make 
a better flux than borax, burnt and ground fine, hut if wanted for 
a quick job, mix borax with wood alcohol, or, better .still, “Colum¬ 
bian SpiriLs.” Clean water is nearly as good. Mix to a thin paste 
and apply with a thin brusli, so as to wet thorouglily every part ‘ 
of the joint. The flux is held in place by painting the joint wdth a 
mixture of machine oil and black lead. The joint should be pinned 
to liold it in place while being brazed. Kun a No. 29 di‘ill through 
the job and hold in place with an eigbtponiiy wire nail. The fire 
should be clean, whether of gas, coal or oil. The gas fire is best, 
though it costs more. Put the heat on the heavy part of the work 
first, so as to bring it up Jieaily to tlie brazijig point. "When the 
lieat is p\Jt onto tlie joint the heavy i)avt will absorb it and coot off 
the part to be braztal. liriug it up slowly to a bright yellow heat, 
and as the spelter and flux begin to melt, dip the brazing wire in 
tlie brazing oomixiund and apply to the joint. B(“fore dippii]g the 
wire, however, it should be bedd in the flame so as to heat it as near 
as possible to tlie melting point and yet not melt it. As tbe flux 
and spelter melt tiii*n the work so it will run to all jiarts of the 
joint, and while still turning remove it from the fire and keep it in 
motion until it sets. If it is a large job, turn off the beat and let 
the blast strike the work and cool it. 

Nothing equals tbe sand blast for cleaning w'ork after it is 
finished. The next best inetbod i.s pickling in a weak solution of 
sulphuric acid and watiT, about one quart of acid to a barrel of ^ 
water. The old-fashioned mclhod of dijipiiig the work in a' pail 
of soapsuds is not recommended. Almost any broken joint in Ciist 
iron can be brazed, and if properly clone it will be stronger than be¬ 
fore breaking. To make a good job first beat tbe work to a dull 
red, taking the dirt and grease out of the pores of the metal. Next 
dean the work with a sand blast or with a wire brush, after which 
apply the flux. Fasten the broken parts firmly together, place in* 
the fire and bring up to a bright yellow heat, in fact almost to the 
melting point, and apply the brazing compound. Shut off the gas 
and allow it to cool without moving. Brazing is possible even if 
the pieces arc of irregular form though large work should be pro- 
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heated before brazing as described in si)eaking of the autogenous 
welding process. ’ 

Simple Methods of Testing Lubricating Oils.—To hnd if an 
oil contains certain solid impurities, iuld kerosene to half a cup of 
^hc oil until the mixture becomes quite? thin. This thin fluid is now 
passed through filter paper or ordinary colorless blotting paper. 
As soon as all of the thinned oil lias passed through, the bloating 
or filter paptT is waslu'd willi korosem*. Tlie residue that remains, 
if there is any, will, show whether the oil contains any solid im¬ 
purities. Impurities of thi-s kind may also be determined in a 
coarse way by snu'aring a jiieoo of common correspondence or pad 
paper with the suspected oil and holding it against the light. If 
^the oil is free from solid iinpurilios the blot of oil will he equally 
transparent everywhere. If not, the solid i>articlcs of sediinont wdll 
be plainly visible. 

To tost wlieth(?r an oil becomes resinous or not, it must be poured 
in a shallow dish, and it is then to be loft for about a w'cek in some 
warm place. If at the end of this period there is not the slightest 
evidence of a crust you may consider the lubricant to be all right. 
These oils may also be tested by mixing them with nitric acid. If 
the oil is })ure, a lliiek mass will form iu a few liours. Oils tliat 
resiniiy do not llius clot, hut remain very thin. 

Among other impurities in oils are to be found injurious acids. 
When acids occur in lubricating oils they destroy the parts of ma¬ 
chines and other api)aratus that they lubricate much more quickly 
*Hhun should be the case. A test for such impurities is found in 
mixing the lubricating oils with copper oxide or coj*oer ash. These 
are added to the oil in a glass container. When, if the oil is free 
from acid, it retains its original color. If acids arc present their 
action on the topper makes the color greenish or bluish. This test 
may also be made by dropping the oil on a sheet of coj)per or brass. 
Here it should be loft for a week, when at the end of that time if 
^acid is present, a greenish discoloration will be seen on the metal. 
Almost any of the chemical test for acid as with colored solutions 
and litmus paper will indicate the occurrence of acid. Litmus 
paper turns pink in the presence of acid. In its absence a blue 
color will be apparent. 
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To compare the lubricating values of several oils a few drups 
must be placoc] on a smooth, slightly incUnHl metal or glass sheet. 
The better and the greasier the oil the farther will a drop of it 
travel iu any given time yon delcnnine upon. 

Evils of Exhausting in Closed Shop—With the coming of cold ^ 
weather adjustments to motors are often made in the garage or 
tf'sting s)iop [)ro()<T, instead of outside, as is the case when weather 
conditions arc mild. Waiiy of tlie garages are insufficiently heated, 
and of course all doors and windows are k(*pt closed in or(h*r to 
retain wliat heat there is present. AVheu sueli is the case, earc must 
he taken that the nmtnr.s he j uii very little; unless the windows and 
doors are opened to ])i'ovide for ventilation. The exliaust gas is 
very poisonous ami eases aro known wliere Avorkmen have narrowly 
fscaj)ed asphyxiation, wlien riuniing motors eontinnously in the‘‘ 
shop and exIiauMiug direetly into tlie room. If it is jieeessary to 
run a motor eontiuuuusly and conditions are sucIj that window's 
OP doors cannot be opened I(»r veutilation, it will he found desir¬ 
able to lead the exhaust gas from the room by atiaclung a piece of 
heavy rubber iiose from tlie diseliargo pipe of the mufiler to a win¬ 
dow, wliieh need he open hut a tiiflc, to alloAV the end of the rubber 
hose to hang out hito the air. Such a simple precaution will save 
many a severe siek lieadaelie or something more serious. Where 
the hose goes on tlie exhaust pipe it must be lined with asbestos, to 
prevent the heat of the pipe decomposing or burning the hose. 
Owing to the free flow provided for the gas, the hose will not be¬ 
come unduly heated at other parts. 

The exhaust gases from a gasoline engine arc composed of nitro¬ 
gen, a little free oxygen, hydrocarbon, hydrogen, carbon monoxide 
aud carbon dioxide, the last tw'o being considered dangerous. The 
presence of carbon dioxide, as a product of combustion of the gaso¬ 
line was recognized as an objection from the beginning of the use 
of these machines, but attention was called to the fact that the 
amount produced w’as relatively small compared to other sources# 
of this gas, and it w’as not likely to he made in dangerous quanti¬ 
ties, The effect of carbon dioxide, except in relatively large per¬ 
centages, is confined to reducing the oxygen content of the air that 
is breathed. The presence of carbon monoxide in the exhaust gases 
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in injurious quantitios -was loss apparent, biU it appears from what 
is now known that this is the limiting factor in the use of engines 
exhausting into poorly ventilated places. The presence of carbon 
monoxide in tlic air in relatively small (juantilies has been shown 
to have a marked effect upon Iho blood, producing sickness, and if 
inhaled in sufficient quantity, death. After careful inquiry, the 
lK‘st that cun he stated at this time is that without injui^ to health, 
no more than 0.1% of carlxm monoxich* can he hreathed and that 
for a short and iiifrcqiient intervals. It is probable that one-half 
of this percentage could be allowed for a considera))le period of 
time without noliceahlc effect. The per cent, of carbon monoxide 
in tlie garage air depends upon the amount inade by the engines 
l unning and on the quantity of air with which it is mixed. It will 
he nece.ssavy to ])rovide vonlihition lor the worst combination of 
gases whicli such engines can make under unskillful handling, or 
else to become infornu'd as to the actual aiuotuit of carbon juouoxide 
produced ami provide air accordingly. 

It is not. sufficient to con.sider llu* average aniotint produced an 
(!lstribule<l over the whole time of running sneh a maehiue. The 
total quantity of gasoline burned in any one day may have pro¬ 
duced l>ut a small quantity of earlton infimixidc, but if this has 
been conlined to a relatively short jieriocl durijig had carburetor 
adjastuumt, and iti some poorly ventilated space, the inotnentaiy 
pereenlage may be very high and the consequence may be fatal. It 
is evident that to he entirely safe the ventilation must he sufficient 
to keep the percentage of carbon monoxide below' the assigned limit 
when the engine is producing the rneaximum quantity ])ossible. If 
the maximum quantity is provided for by proper ventilation, the 
chance of injury to health may be considered to be remote. Cer¬ 
tain peculiarities of gasoline engines cause the percentage of car¬ 
bon monoxide generated to vary between rather wide limits, but 
the maximum is fairly constant. No other constituent of the ex¬ 
haust gases varies so much or so rapidly with slight changes of ad¬ 
justment ad docs the carbon monoxide. Conveying the exhaust gas. 
to the outer air is the simplest and most positive remedy for dis¬ 
posal of this deadly gas. 

Instructions for Repairing Storage Battery. —In repairing a. 
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Willard storage battery a definite routine must be followed in tear¬ 
ing down and building up same iu order that it will be in the best 
condition when re-asscmblcd. These stops are as follows: 

First: Itornove nil vent plugs and washers. 

Second: Centerpuiieli both top connectors in each cell which 
is to be repaired; then drill J:;-inch into top connector, with a fl¬ 
inch dianiefer drill. Now pull off top connector with ])air of pliers. 

Third: Apply gas fianie or blowtorch fiaine to the top of the 
battery long enough to soften the scaling eoinponnd under the toj) 
cover. Now, with heated putty knife, plow out the sealing com¬ 
pound around the edge of top cover. 

Fourth: Insert a putty knife, or any other thin, broad pointed 
tool, heated in flame, along underside of top cover, separating it 
from the scaling compound. Then with jmlty knife, pry the top 
cover up the sides aud off of the terminal posts. 

Fifth: Then, with heated putty knife, remove all scaling com¬ 
pound from inner cover. 

Sixtii: Now play the flame onto the inner cover until it becomes 
soft and j)liablo; tlien take hold of both terminal posts of one cell, 
and remove the elcTiients fi’oin the jar, slowly; then lift the inner 
cover from tlie terminal posts. 

Seventh: Now separate positive and negative elements, by pull¬ 
ing them apart sideways. Destroy old separators. 

Eighth: To remove a leaky jar, first empty the electrolyte from 
the jar, and then play the flame on the inside of the jar until the 
<K)mpound surrounding it is soft and plastic; then with the aid of 
two pairs of pliers, remove it from the crate, slowly, lifting evenly. 

Ninth: To put in a new jar, in place of the leaky one, heat it 
thoroughly, in a pail of hot water, and force in gently. 

Tenth: In re-aHscin])ling llie battery, first assemble the positive 
and negative elements, pushing them together sideways; then turii 
them on the side and with both hold downs in place, insert new 
separators, being very careful to have the grooved side of the 
separators next to each side of each positive plate. Also bo care¬ 
ful to have tlie separators e.xtend beyond the plates on each side, 
so there will be no chance of the plates short-circuiting. Now press 
all separators up against hold downs. 



instructions for IS otter y iicyaxnng 


9ai 

Eleventh: Heat up inner cover 'ffilli flame; then place same on 

terminal posts; then take hold of both terminal posts and slowly 
lower the elements into the jar 

Twelfth: Now, with expansion chamber in place on the inner 
cover, pour the medtod sealing compound on to the inner cover, 
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Fig. 464.—Diagram Showing Constmetion of Points to be Beached In 
Bebolldlng or Tearing Down Willard Storage Battery. 


until it reaches the level of the hole in the top of the expansion 
chamber,— Lc. so that wdien the top cover is replaced, it will squeeze 
the sealing compound off the top of the expansion chambers. 

Thirteenth: ^^ow'soften top cover with flame*and replace on 
terminal posts until it rests on top of expaasion chamber; then 
place a weight on top cover until .sealing compound cools. 
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Fourteenth: Now, pour sealing compound around the edge of 
the top cover, uitil it reaches tlie top of top cover; then when tlie 
sealing compound has cooled, take a putty knife and scoop extra 
sealing compound olT of top cover, making a smooth surface over 
ail the top of the battery. 

Fifteenth: In burning the top connector to terminal post, pro¬ 
ceed a? follows: Scrape tlic hole of the top connector until the 
surface is bright and clean; scrape terminal post until top and 
edge are bright and clean. Now, scrape a piece of lead—preferably 
a small bar—bright and clean; then apply hydrogen gas flame, 
mixed with air under pressure, to the top connector and ferminal 
j) 08 t assembled, at tlie same time heating lead bar. When top con¬ 
nector and terminal post begin to melt, apply lead bar directly on 
same, melting it, thus making a firm burned connection. Then 
fill rest of liolc-space witli melted lead and smooth off even with 
top of top connector. 

Care of Grinding Wheels. —Chattering and waviness in appear¬ 
ance of the part finished is usually caused either by the whe<d 
spindle being loose in its bearings, the grinding wiiccl being out 
of true or out of lialanco, or particles of the material being ground 
having become embedded in tlie wheel. A loose spindle should, of 
course, have its bearings adjusted. In a great majority of cases, 
however, the cause of imperfect work is due to the wheel getting 
out of shape. It is important that its face should be perfectly 
parallel with the travel of the carriage, and in order to produce a 
result of this kind a diamond tool must be used, ns near to the 
headstock or footstock center as is practicable, especially on work 
of small diameter. AVIiere the work is not so small, say 2 inches 
in diameter, the truing device can he clamped at the most con¬ 
venient point, and in either case it should be carefully seen to that 
the stud holding the diamond and the arm supporting same, are 
solid'against the work. If the truing device is not rigid the face 
of the wheel will not bo dressed perfectly true. 

It will he observed that the stud in which the diamond is 
mounted Ctin bo revolved in its holder and it is important that the 
point })resented to the wheel should be sharj); for instance, if the 
diamond should become worn and flattened, it should be turned 
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nnd tlms present a new point to tlie wheel. Keeping the wheel 
true is in)i)ortaiit for the operator to observe, particularly so when 
ho conies to make a final finish. Tlic wheel should be traversed by 
tlie diamond at a uniform speed, rather slowly in order to give it 
time to cut away the particles. Tf it is desired to do rapid cutting, it 
will bo found proper to pass the wheel by the diamond more rap¬ 
idly thus making a rougher face on the wheel. 

The number of tiine.s that the fact* of a grinding w'heel has to 
be trued depend.s entirely on the cliaraeter of the work being fin¬ 
ished and the kind of wheel used. There are some w’heels that wear 
a”'sy rapidly enough so that little truing is iu*ce.ssary. There are 
also eases where a liardtT wheel is desirable and a hard wheel neces- 
.sarily retpiires more truing than a soft one. Where pieces arc 
lather large and con.siderabh* stock has to be renioved, it may be 
necessary to true the wheel each time a pit*ee receives its finishing 
cut. W’here the sttick to be removed is not more than % 4 -inch 
diameter it is advisable to finish in one ojioration, but when there 
is as much as diameter to be removed it is good practice 

to grind it in two operations. As stated above, it is desirable gen¬ 
erally to present a sliarp point of the diamond to the wheel in tru¬ 
ing, but there are times when tlie smooth surface is preferable, par¬ 
ticularly when it comes to producing a very fine finish; the flat 
surface of the diamond will tend somewhat to glaze the wheel and 
Hius produce a better finish. A coarse wheel properly trued will 
produce a 'good finish. 

The amount of wear the wheel is subjected tc depends upon 
the operator in many cases. Never bring an emery, corbonindum 
or other abrasive wheel suddenly against the work or the work ab¬ 
ruptly to the wheel. The feed should be gradual, so that the 
sparking will start almast imperceptibly. Grinding is not intended 
to be a roughing process but is a method of fiuishing in most cases 
^ so careful manipulation of the feed control is required to prevent 
the wheel from “digging” in. 

Speed for Wheels. —The tabh* below designates number of revo¬ 
lutions per minute for specified iliaraeters of wheels, to cause them 
to run at the respective periphery rates of 4,000, 5,000 and 6,000 
feet per minute. 
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SPEEDS FOB EMEBY WHEELS. 


Dlanseter Wheel 

-r 

Revolutions per 
Minute for Surface 
Speed of 4,000 Feet. 

RevolutioHR per 
Minute per Surface 
Spe«Nl of 6.000 Feet. 

Revolutions per 
Minute per Surface 
Speed of 6,000 Feet, 

Inch 




1 

15,286 

19,099 

22,918 

2 

7,639 

9,649 

11,459 

3 

5,093 

6.366 

7,639 

4 

3,820 

4,776 

6,730 

5 

3,056 

3,820 

< 4,584 

6 

2,546 

3,183 

3,820 

7 

2,183 

2,728 

3,274 

8 

],910 

2,387 

2.665 

10 

1.528 

1,910 

2,292 

12 

1,273 1 

1,592 

1,910 

14 

1,091 

1,364 

1,637 

16 

955 

1,194 

1,432 

18 

849 

1,061 

1,273 

20 

764 

955 

1,146 

22 

694 

868 


24 

637 

796 

955 

30 

509 

637 

764 

36 

424 

531 

637 


The medium of 5,000 feet is usually employed in ordinary work, 
but in specific cases it is sometimes desirable to run them at a lower 
or higher rate according to requirements. "We recommend a num¬ 
ber of revolutions equivalent to a surface speed of 5,500 feet. This 
does not indicate that they cannot be run at a higher or lower 
speed, but that it is a good average speed to produce good, results. 
To allow an ample margin of safety it is recommended that wheels i 
should not bo run at a surface speed exceeding 6,000 feet. Every 
shop should have a spe^d indicator in order that the speed of its 
grinding machinery may" be known. 


Grading of Landis Grinding Wheels. 

■* NCMBRRS 

The grains are numbered according to the number of meshes- 
per lineal inch of the sieve through which they have passed. For 
example, No. 30 is a grain tliat ^dll pass through a sieve having 
thirty meshes to the inch, but will not pass through a sieve having 
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tliirty-six meshes. The fineness, or number, of the emery or corun- 
* dum used in making a Avheel determines the '^number’’ of the 
wheel. 

The grains (and similarly the wlieels) are numbered as follows: 
, 10, 12, 16, 20, 24, 30, 36, 46, 54, 60, 70, 80, 90,100, 120, 150. In 
^ liis list the lower numbers indicate the coarser grains, the higher 
I numbers, the fi«(‘r ones. 

When ordering wheels, be sure to specify diameter, shape, thick¬ 
ness, size of center holes, the grade and grain or description of 
material to be ground and speed proposed to run the wheels. If 
possible, give sliu])e number. 

hW grinding hardened steel and cast-iron, wheels made by what 
is known as the silicate i)rocess give very gowl results, but the 
vitrified wheel in oni* experience is the better for general use. 

A soft, svheel is less apt to change the temperature of the work 
or become glazed. 

A wheel is most efiicient when just .soft enough imt to glaze anti 
hard enough not. to wear away rapidly. 

Use a fine grained wheel for finish, a coarse wheel to remove 
stock. For geTiei'al grinding a 24 coTabination grain wheel gives 
excellent results. 

A good practice is to have several grades, of wheds on hand 
best adapted for your diiTerent clas.ses of work. 

Always k(*ep a spare wheel or two on hand for emergencies. 


Vitrified 

I'rocOM 

' SilirJito 
Process 

Vitrified 

Proceoa 

Silicate 

l^rocesa 

Vitrified 

Proc ‘H 

Silicata 

Process 

Very Soft E 

i 

Soft K 

21 

Hard Q 
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F 

1 
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2i 

R 

54 

G 

11 

Medium M 

3 

S 

6 

H 

li 

N 

3i 

T 

64 

Soft I 

1| 

0 

4 

Very Hard U 

7 

J 

2 

I P 

44 
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CHAPTER XTI 




ITSKFtlL INFORMATION FOR AUTO REPAIRMEN. 

Anti-Freezing Cooling Solatioiia—S^il'stnnces Usually (Vinbinod with Water— 
Advantages of DilFereiit Solutions—Eleotrulytic Actbrn Not Desirublo— 
The Rest Mixture—Extinguishing Fires in Volatile Liquids—First Aid to 
the Injured—Schaefer Method of Artificial Respiration—'ITic Repair Shop 
Miodicine Chest—Remedy for Riirna, Cuta and Abrasions—Wounds and 
Painful Injuries—^liome-iuade Aseptic Gauze. 

Anti-Freezings Cooling Mediums.—To lower the freezing point 
of water it 1 h possible to add various substances aud the propor¬ 
tions added determine the point at which the solution will congeal. 
Among the materials commoidy used may be mentioned common 
salt, alcohol, glycerine aud calcium chloride. The alkaline solu¬ 
tions produce a distinct electrical action w'herever two dissimilar 
metals are used together in the cooling system, such as the brass 
tubing of a radiator and the solder used ut the joints; the cast iron 
water jacket aud the aluminum or brass plates used to close the 
core print holes; the aluminum pump casing and steel or bronze, 
impeller and at many other points which will vary with the de-^ 
sign of the car and the materials of the components. The alcohol 
solutions evaporate very quickly, the glycerine solution affects the 
rubber hose, and the salt solutions leave an incrustation as the 
water evaporates. It is n^asonable to expect electrolytic action 
when metals of different potential are used together in any alkaline 
solution, which are electrolytes of high value. Taking it all in all, ‘ 
the selection of the best solution involves a consideration of many' 
facts and varioiis requirements must be considered in the selection 
of that roost suitable. (Considering tlic qualities of such a <x)m- 
pound it will be seen that no one will combine all the desirable 
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features, so in selccliug the solutions the following should bo kept 
in mind: To begin with, and it is a highly important consideration, 
the solution used should have no coiTosive action, nor should its use 
prove deleterhms on the metals or rubber used in the circulating 
system. Tt must be easily dissolved in or combined with water, 
must be reasonably clieap and not subject to rapid waste by evapo¬ 
ration, ami should not be of such character that it wifi (^eposit 
sediment or foreign matter in the jackets,' pipes or radiator water 
spaces. Its boiling jKiiut sliould be as liigh, if not liigher than, 
that of w’atcr, and it slinnld not congeal at teini>eratures ordinarily 
met with where it is used. 

Substances Usually Combined with Water.—Alcohol is pre- 
])ared by destruclivc distillation of Viarious vegetable substances 
which contain starch or sugar, such as potatoes, heels and numer¬ 
ous grains and fr uits. Any starchy material Avill serve for the pro¬ 
duction of alcohol and tlic real question is one of co.st, which varies 
with the locality in which the manufacture is carried on. It mixes 
readily with water, and docs not congeal at any known tempera¬ 
ture, thoiigli its boiling point is about 175 degrees Fahrenheit, 
and above this point evaporation is rapid. It is a very volatile 
liquid and will evaporate at very moth-rate temperatures. The 
alcohol generally u.sed is denatured by the addition of a substance 
which rendei’s it unfit for drinking purposes and because of the 
recent removal of the government tax it may be obtained for about 
60 cents a 'gallon. 

Glycerine is obtciined as a by-product in the Faponification of 
fats in soap and candle making, and is an oily substance which 
will vary in color from reddish brown when crude to a colorless 
liquid when pure. Crude glycerine sometimes contains free acids 
in small quantities though *it may be purified and the color re¬ 
moved when it is to he used for certain purposes. This substance 
has a much higher boiling point than water, ebullition taking place 
at a temperattlre of 554 degrees Fahrenheit. Glycerine when pure 
is a sweet, colorless licjuid and is mixable with water and alcohol 
in any proportion. It is most largely used in tlie manufacture of 
nifroglyccrinc, though utilized to some extent in pharmacy, soap¬ 
making, filling instruments which vecpiire a lujuid seal and w’hich 
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are exposed to low temperatures, and sweetening wine. It can be 
obtained in single gallon lots at a cost about $1.50. 

Calcium chloride is a by-product of* the Weldon process of ob¬ 
taining chlorine which is to be incorporated into bleaching pow’der, 
from manganese ore and liydrochloric acid. It is a saH and is pro-. 
duced in the form of crystals, the crude material being yellowish 
white in color, though ^fter purification it is clear white. It may 
be obtained directly from marble or chalk by dissolving these ma¬ 
terials in hydrochloric acid. It is comparatively c]n‘ap and may 
bo obtaiiic‘d in 10 pound sheet iron drums at nine cents per pound. 
Chemically pure its cost will vary from 30 to 00 cents per pound. 
It is very solubli* in water, and while it is in solution it will lower 
the freezing point. It may contain free acid in the crude form, 
though this may be neutralized by the addition of a little slaked 
lime. Water will bo evaporated rapidly at tcMuperatnres in excess 
of 185 degrees and salt xvill remain in the form of ciy.stals. While, 
calcium chloride s(5lutions have been veiy popular they are not si 
w'cU lliongbt of at the provsejit lime because of a certain electrical 
action wiiicli is s(*t up when the water circulation system is com¬ 
posed of dissimilar metals, as is commonly the case in motor car 
construction and corrosion at the points of jiaieture is unavoidable. 
As hydrochloric acid is used w'hen this salt is obtained, there may 
be some free acid in combination with the cruder grades, and corro¬ 
sive action will be noted. The corrosive action of chemically pure 
salt is very slight, though electrical action will be noted if dis¬ 
similar metals are employed, regardless of the i>unty of the salt^ 
in the solution. 

Advantages of Different Solutions.—The substances i>revi- 
ously discussed all have advantages, some as relates to first cost, 
others to freedom from trouble. Alcoliol is without doubt the best 

t 

mat(*rial to use fj’om the viewpoint of action on molal or rubber, 
as’ it does not form deposits of foreign matter, will not freeze at 
known temperatures, and has no electrical effect. It is extreunely 
volatile, howc^vor, atid because of its low boiling point will evapo¬ 
rate at temperatures mue.h less than that of the boiling point of 
water, and the solution in the water circulation system of the 
modern motor car often heated to this point, especially when the 
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natural system of water circulation is employed. Combinations of 
water, alcohol and glycerine have been tried, and have given ex- 
(M‘llent results. Tlie addition of the glycerine to a water-alcohol 
solution reduces liability of cvajioration to a large extent and in¬ 
creases the boiling point. Glycerine ami water solutions were form¬ 
erly considered favorably, but of late have been abandoned be¬ 
cause of certain strong disadvantages. Crude glycerine bftcii con¬ 
tains free acid, and in many cas(‘.s, if no free acid is found, it may 
break down when exposed to heat, and li]>erate fatty acids, which 
arc found comhint?d with other eleirieiils in all fats and oils of 
animal or vegetable origin. While tins acid may not attack metals 
to any appreciable extent, still its im'sence in the cooling system 
is not dcsij*ablo. Glycerine, as is time of most oils, has a d«jstruc- 
live ell'cct on rubber hose and gask(*ls, and sho\ilcl not be used in 
large jiioportions on any ear where much of the piping systeui is 
of rubber hose. Glyecrino is expensive and is liable to decomj)Ose 
mnlcr tlie iiillucneo of heat, and as the proi)ortions used with water 
are luj’ger than is necessary with other rsubstanees. these solutions 
aie being replaced with alc.ohol, water aiul glycerine compounds, 
whicli are most satisfactory in ordinary practice. 

Positive Proof of Electrical Action.—To demonstrate that 
with saline solutions a certain amount of electrical action was un¬ 
avoidable, the writer made a series of tests iii which a number of 
pairs of dissimilar juetals were placed in calcium chloride solution 
and a low .reading voltmeter interposed in tlie circuit showed volt¬ 
age ranging from ouc-tifth to one-half volt, depending upon the 
metals used, the strength of the solution and the t( mperature. The 
electrical action in every case was greater as the temperature was 
increased. Extreme care was taken in making these tests, and the 
results obtained were carefully checked by another series of tests 
with the same metals and fresh solutions. The solution used was 
the weakest of the calcium chloride and water combinations, and 
was made of two pounds of salt to a gallon of liquid. This solu¬ 
tion has a freezing point of 18 degrees F., only a few degrees lower 
than plain water. With zinc and copper the current indication was 
two-fifths of a volt, just half as juuch energy as obtained with sal- 
ammoniac, a recognized electrolyte, in previous test. The tempera- 
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ture was jibout 68 degrees Fahrenheit. Copper and cast iron 
showed mure cKergy tlian when the same elements were immersed 
in standard electrulyte, namely, tlirec-tcnths of a volt. Copper and 
solder showed the saine'as when sal-ainmoiiiac was used, the indica¬ 
tion being one-fifth volt. When alnmiinim and cast iron wei*c 
tested the indication was less than one-tenth volt. Aluminum and 

r 

br.m,produced one-fifth volt, brass and aoUler one-tenth volt and 
brass an<i cast iron onii-tenth volt. This cleetroIyl(j is the weakest 
of the calcium chloride solutions which hav<* been advised by men 
who know, for use in the circulati(ui systeiri. Its suitability for the 
purpose is ](*ft to the road(M’^s judgment. 

The results wdih the stronger solution were about the same, the 
only difft'.rcnce noted being that tlio needle moved over further with 
oaeh stronger solutiuji, though it settled to al^out. tlie same r<*adiiig 
as with the weaker solution for the same elements. All the olo- 
inents were tested in four different mixtures and results carefully 
noted. To test the effect of inereaseil temperature on current pro¬ 
duction, four ounces of the sti’ong solution, that of five pounds 
calcium chloride to the gallon of water, was Incited to 180 degrees 
Fahrenheit, a temperature sliglitly less than its boiling point, and 
the zinc and eopper elements plaeed iji tlie jar and a reading taken. 
While tlie reading at 70 degrees Fahrenheit, was two-fifths volt, at 
the higher temperature the indication of the needle was three- 
fffths volt, ahaost as much as obtained with the regular sal-am¬ 
moniac solution at normal temperatures. 

Electrol 3 rtic Action Not Desirable.—AViion; there is eleetri- ‘ 
cal action there is also corrosion and deterioration of the metal 
which acts as the negative element. While it is true that the cur¬ 
rent produced between the metals falls off in j)rcssiire because (»f 
polarization of the positive clement, it must be considered that the 
constant circulation of the solution through the jacket and pifiing 
must to a certain extent act as a depolarizer because of agitation 
of the liquid, which has a tendency to keep the surface of the posi-' 
tive element free from gas bubbles. It is reasonable to assume that 
there will be a continued electrical action all the time that the solu¬ 
tion is in a cooling system, though at times thie may be very slight. 
To bo sure tliat the action was caused by the calcium chloride alone 
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Siiid not ncid in solution the various solutions were carefully tested 
with litmus paper for acid without detecting the minutest trace. 
Then for the purpose of. testing the litmus paper a single drop of 
liydrocliloric acid placed in tlie solution turned the blue litmus 
to a light pink, proving conclusively tliat the test paper was of 
proper strength. 'J’hen consider that all the time the engine is 
in opei’alion the tomperalnre is nearly to tin* boiling point of the 
solutions, in some casi-s more, and it will he .seen that the degree of 
electrical activity is considc^rahly increased. 

The cellular cooler is comjiosed of innumerable soldered joints 
at every one of these there will he a ciTtain amount of elec¬ 
trical action, which iu the aggregate will amount to a considerable 
current. j\t various other iK»ints of the cooling system, wherever 
there is two unlike metals in coinbinalion. wc have other small 
currents, which decompose ilioir quota r)f metal and assist in filling 
the system with sediment and foreign matter, not to mention the 
salt crystals which will be formed as tlie solution evaporates. The 
writer does not claim that the lost slmwed absolute results, but they 
demonsti’ated that w'itlioiit doubt electrical action docs exist when 
solutions of calcium chloride or any other salt are used to prevent 
freezing. 

The Best Idixture.—Plain water and alcohol solutions would 
1)0 the host were it not for the ease with which such compounds 
boil and the rapidity with which they evaporate. Wo have seen 
tliat the objections advanced against calcium chloride solution have' 
ample foundation ajid that sucl\ eonjpounds are not suitable for 
use, the cliief advantage, that of cheapness, havii g been eliminated 
by the reduction in the price »)f denatured alcohol. The addition 
of a little glycerine to an alcohol and water solution reduces lia¬ 
bility of evaporation, and when used in such quantities it ha.s no 
iiijurioiis effect to speak of on rubber liose. The tables show the 
combinations and their freezing points and the proper proportions 
of the mixtuTCs used must, of course, be governed by conditions of 
locality, but it is better to bo safe than sorry, and make the solu¬ 
tions strong enough for the extremes that may be expected. The 
writer has used both alcohol and water, and glycerine, alcohol and 
water solutions, with good results, though considerable trouble 





J.ufomobUe liepairing Made Easy 



Fig. 465.—Special Testing Hydrometer for De¬ 
termining Density of Alcohol-Water Cooling 
Solutions, Oiylng Freeslng Points. 


has already been expe¬ 
rienced when saline so¬ 
lutions were employed. 

Oils of various 
kinds have been recom¬ 
mended. these being: of 
the character often 
used in lubricating ice¬ 
making machinery, and 
made especially to 
withstand low tempei- 
atures. Huch oils will 
not absorb heat as well 
as water and should 
bo iLsed only whore ex¬ 
ceptionally good meth¬ 
ods of cooling are pro¬ 
vided, such as a large 
radiator, all metal pip¬ 
ing and j)ositive pump. 
This oil will attack rub¬ 
ber hose, however, and 
it would seem, all 
things considered, al¬ 
cohol solutions are 
preferable to all others. 
The following tabula¬ 
tions give the relative 
values of solutions com¬ 
monly employed: 


CALCIUM CHLORIDE SOLUTIONS 

2 pounds salt, 1 gallon water.Freezing point, F. 

3 pounds sali^ 1 gallon water..Freezing point, 1.5^ F. 

4 pounds salt, 1 gallon Water.Freezing point, >*17^ F. 

5 pounds salt, 1 gallon water..Freezing point, -39^ F. 
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WATER AND AL(;0I1()L SOLTTTTOXS 


Water 95%, Alcohol 5% 
Water K5%, Alcohol 15% 
Water 80%, Alcohol 20% 
Water 70%, Alcohol 30% 
Water 65';«, Alcohol 35% 


Freezing point, 25® F. 
Freezing point, 11® F. 
Freezing point, 6® F. 
Freezing point. -5® F. 
Freezing point, -16® F. 


WATER, ALCOTIOL AND (DiYCKRJN'K SOLUrjOX?« 

Water 86%, Alcohol—Glycerine 15^o... .Freezingpoint, 20® F. 

Water 75"J„ Alcohol—Glycerine 25%_Freezing point, 8** P. 

Water 70%„ Alcohol—Glycerine 30%_Freezing point. -5° F. 

Water 60%, Alcohol—Glycerine 40%_Freezing point, -23° F. 

Alcohol and Glycerine - equal proi^ortions. 


EXTRACTS FROM A 1*A1*KR RlCAl) RV EOW. 11. HAURIER 
BEFORE THE AMERR'AN SOCJ E'l'Y OF MECIIAMCAD 

ENGINEERS. 

Extinguishing Fires in Volatile Liquids. —Tlie extinguish¬ 
ing of fires ill oils, gasoline and in most of the volatile liquiiis has 
always been a cUfficiilt problem and where fires of this kind occur 
the results arc frequently very disastrous. Our most common extin 
guishing agent, water, works rallier unsatisfactorily upon the ma¬ 
jority of such fires, but it is still the only one available where heroic 
measures are required. Comparatively recently, however, there 
liavc been two or three other materials introduced for use as ex¬ 
tinguishers whicli have shown some promise tor dealing with these 
fires, and it is the writer’s purpose to discuss these materials and 
the conditions under which tliey prove the most efficient. Not all 
fires in volatile liquids arc difficult to handle with water. When 
the liquid is miscible with water this extinguishing agent can be 
successfully used. Examples of this kind are denatured alcohol, 
wood alcohol, grain alcohol, acetone, etc. Where the liquid is not 
miscible with w'ater little or no effect is produced except to wash 
the burning liquid out of the building where it may be completely 
consumed, or, if the quantity of oil is small, possibly to extinguish 
the fire by the brute cooling effec5t of a large quantity of water 
sprayed upon the fire. Soda and acid extinguishers are somewhat 
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Fig. 466.—Charts Showing Freezing Points of Various Mixtures of 
Calcium Chloride, Alcohol, etc., and Water. 
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more effective tJinn pure water, but even tliey fail under mast con¬ 
ditions. The various grenades containing salt solutions wliich were 
formt^rly exteijsively exploited are of course practfcally worthless. 
The only principles tiiat can be made use of in extinguisliing fires 
in volatile oils are "fa) to ioriu a blanket either of gas or of solid 
material over the burning liipud whieh will exclude the oxygen of 
the air or (b) to dilute the burning luinid with a uondnflaiuinablG 
extingiiislung agent which is tnisciblc with it. • 

Sawdust and Bicarbonate of Soda.—l'o the blanketing type 
of exlingnisluTS belongs sawdust. Varaduxical as it may se(*m, 
oi'dinary sawdust is an exeellout exlijiguishing agent for enriHin 
volatile Ikiuids, es])eeially tliose of a viscous nature. A consider¬ 
able nundmr of exj)eriiueu1s were conduetetl in the fall of 1!)12 by 
the inspection (b'partuient of the Associated Kaelory Mxilual Vire 
J)isnraiice (Vniiimnies, in the extiiiguishijig of fires in buMpier and 
gasoline in tanks with sawdust, and the ivsiills were surprisingly 
satisfactory. The li<julds were placed in three tanks 110 inehes long, 
12 ineiies wide and It) inches deepj 48 inches long, 14 inehes wide 
and 10 inches deep; and GO inches long, 30 inches wide and 16 
inches deep. Tli(‘ sawdust was ap])lied with a long-handled, light 
but substantially built snow shovel having a blade of considerable 
area. In every ease the fires w<‘re extijiguislied readily, especially 
ill tiio two smalb*r tanks whieh were about as large as any ordi¬ 
narily employed for lacquer in manufacturing establishments. The 
efficiency of the sawdust is uudoubt(‘dly due to its blanketing ac¬ 
tion in floating for a time upon the surface of the liquid and ex¬ 
cluding tile oxygen of tlie air. Its effiei(*ncy is greater on viscous 
liquids tliaii thin liquuls, since it floats more roat.ily on the former 
than on the latter. Tlie sawdust itself is not easily iguiled, and 
when it floes become ignited it burns without flame. The burning 
embers have not a sufficiently liigli temperature to reignitc the 
liquid. Tlie ciiaraeler of the sawdust, whether from soft wood or 
hard wood, appears to be of little or no importance, and the amount 
of moisture contained in it is apparently not a factor, so that the 
drying out of sawdust when kept in manufacturing establishments 
for a time would not affect the efficiency. It was found that the 
admixture, of sodium bicarbonate greatly increased the efficiency 
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of tlie sawdust as shown both ])y the shortened time and the de¬ 

creased amount of inaleriai necessary to extinguish the firos. A 

further advantage of the addition of hiearhonate of soda hi that 
it decreased the possible danger resulting from the presence of saw¬ 
dust iu manufacturing plants since it would be difficult if not im¬ 
possible to ignite the mixture by a carelessly tlwown match or any ’ 
otlier source of ignition. Although the* efficiency of the sawdu'st 
is greatest on viscous liquids such as lacfjuers, iicavy oils, japan, 
w'axes; etc., in the tost referred to, fires were extinguished in gaso¬ 
line contained in the smallest tank and also when s])read npon tluj 
ground. Jn larger tanks tlie sawdust or bicarbonate mixture does 
not work so well since the sawdust sinks before the whole surface 
can be covered, whereupon the exposed li(iuid reignites. 

Carbon Tetrachloride. —In recent years carbon tetrachloride 
has received considerable attention as a fire extiiigiiisliing agent. 
This is due largely to the activity of certain inaniifactuTers of fire 
extinguishers which use Ihjuids, the basis of which is carbon tetra¬ 
chloride. This substance is a water white liquid and possesses 
when pure a rather agreeable odor somewhat similar to chloroform. 
A considerable proportion of the commercial article npon the 
market, however, contains sulphur impurities which impart a dis¬ 
agreeable odor to the liijuid. The substance is quite heavy, its 
specific gravity being 1.632 at 32 degrees Fahr. It is non-inflam¬ 
mable, non-explosive, and is readily miscible with oils, waxes, japan 
etc. When mixed with inflammable Ihpnds it renders, tliera non- 
inflammable provided a sufficient quantity is added. Its vapor is 
heavy, the specific, gravity being about five and one-half times that 
of air, consequently it settles very rapidly. As an extinguishing 
agent it operates, by both the principles mentioned, namely, it 
dilutes the inflammable liquid rendering it non-flammable, or at 
least less inflammable, and. it forms a blanket of gas or vapor over 
the burning liquid which excludes the oxygen of the air. 

Although this exposition is confined to a discussion of extin¬ 
guishing fires in oils and volatile li(iuids. it may not be out of place 
to mention that the claims made by certain manufacturers pro¬ 
ducing extinguishers which use liquids, the basis of which is carbon 
tetrachloride, are grossly exaggerated. These preparations, none 



Eoctiiigmsliing Gasoline Fires 94T 

of which is more efficient than carhon tetrachloride, are not the 
equivalent of the ordinary water (ixtinguishcrs for general use on 
such materials as cotton, wood, paper, oily waste, etc. On volatile 
liquids, oils, etc., carbon tetrachloride has, however, shown very 
satisfactory results under some conditions, hut the readiness with 
which a fire can be extinguished with it depends to a considerable 
extent upon the skill of the operator and the length of tim^ that 
the liquid has been burning is an important factor, and in such 
cases where the sides of the tank become heated the only way in 
which the fire can be extinguished is to squirt the liquid forcibly 
at the sides. If the carbon tetrachloride is squirted directly into 
the liquid it is much more difiicult, if not impossible to extinguish 
the fire. Tlie height of tho li(juid iii the tank is also a very im¬ 
portant factor. "Where the liquid is low the sides form a pocket 
which retains the vapor and aids considerably in smothering the 
blaze. When the tank is nearly full, however, this condition does 
not exist, and it is then very difficult, if not impossible, to extin¬ 
guish a fire in a highly volatile liquid such as gasoline; only the 
most skilled operators are successful in the-se cases. 

The size of the tank or the extent of the fire upon the floor is, 
as w^onld be expected, of considerable ini[X)rtance. In tanks larger 
than about 28 inches by 12 inches more than one extinguisher and 
operator working at a time are necessary to extinguish a fire in 
such materials as gasoline. In one test where a tank 60 inches by 
, 30 inches was used no loss than seven operators were necessary^ 
and even then it was only with the greatest difficulty that the fire 
was put out. All of the above remarks apply to tetrachloride in 
the ordinary one quart extinguisher as generally sold. It is prob¬ 
able that a large extinguisher which could throw a large stream 
would prove more efficient, but on account of the great weight of 
carbon tetrachloride such an extinguisher W'ould have to he spe¬ 
cially designed, to make it I’Cadily portable by mounting on a truck 
or some similar means. Expelling the liquid by means of*a hand- 
pumping arrangement would probably be unsatisfactory, and it 
would therefore be necessary to force it out in some other way, 

A few systems have recently been installed in wliich an elevated 
f tank containing tetrachloride was connected with automatic sprint- 
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lers or perforated pipes located in hazardous rooms where volatile 
and inflammable liquids are in use. So far as is known none of 
these s>’stems has as yet been called upon to extinguish a fire, but 
there appears to be no reason why such a system should not pro- ^ 
vide excellent protection in special cases. In such systems it would 
be nece^ary to consider the safety of the workmen and furJiish 
ready means of escape, since carbon tetrachloride is an anesthetic 
and where thoroughly sprayed through the air as from an auto¬ 
matic sprinkler it would probably produce rapid results. The 
nature and effect of the fumes given off wdicn carbon tetrachloride 
is thrown upon the fire is a subject which has received a great deal 
of discussion. Wlien the liquid comes in contact with a fire the 
vapor is partly decomposed resulting in the evolution of a consid 
erable quantity of black smoke which undoubtedly is divided car!)On. 
Pungent gases are also prodiiced which appear to he mostly hydro¬ 
chloric acid with possibly a small amount of chlorine. Since car¬ 
bon tetrachloride contains no hydrogen from which hydrochloric 
acid can be formed this substance must be produced by the action 
of chlorine on the gases arising from the burning material or upon 
the moisture of the air. The fumes of carbon tetrachloride although 
of a very pungent nature, do not produce any permanent injury 
under ordinary conditions wdicre the operator can make his escape 
after he has inhaled all that he can stand, but they are a distinct 
handicap in fighting a Arc and arc one of the objectionable features 
to carbon tetrachloride as a general fire extinguishing agent. In' 
large rooms or where a small quantity of carbon tetrachloride is 
sufficient to extinguish a Are the gases arc of course less objec¬ 
tionable. 

Prothy Mixtures. —Another method of extinguishing fires in 
oils and volatile liquids which has recently been proposed and ex¬ 
perimented with is that of using frothy mixtures. The idea seems 
to be a very promising one, and the teats which hav3 been thus far 
reported indicate veiy satisfactory results. The idea was origi¬ 
nated and has been developed in Germany. So far as is known no 
experiments along this line have been conducted in this country. 
The process consists essentially in causing two liquids to mix in a 
tank where foam is produced. The tank is made airtight and suf- ’ 



&49 


First Aid to the Injured 

ficiently strong to permit of the foam being forced out by carbon di¬ 
oxide under j)res8ure and the foajn is conveyed to the fire by means 
of a lino of hose. The exact nature of tlie liquids has not been 
diselostid, but one of tliem j)robably consists of a sodium carbonate 
solutitm containing froth-forming ingredients such as glue or casein 
and the other an alum solution. The two on coming together gen¬ 
erate carbon dioxide, which ])roduccs froth. This froth is rejjorted 
to be quite stiff and to shrink in volume but a comparatively small 
amount even after a period of lialf an hour. A number of tests 
wore conducted in the winter of 1912 in Germany; some of them 
on a- considerable scale. In one ease as Tiiiich as five tons of crude 
na])ht}ia in a tank was involved, and in another an area of 1,300 
square fo«*t of burning tar was used. In all eases the results 
wore rcfKivted satisfactory, the lires hidiig extinguished iii a short 
lime. 

The frothy mixture undoubtedly ow'cs its efficiency to its blank¬ 
eting action in settling upon the surface of the burning liquid, thus 
excluding the oxygen of the air, and to the fact that the bubbles 
of liquid contain carbon dioxide which, upon bursting, produce an 
atmosphere in which combustion cannot take place. According to 
the latest report the matter is still in an experimental stage, various 
details regarding the form of apparatus, most efficient pressure 
and design of nozzles being under consideration; but from what 
has already been done it vrould appear that the idea is a veiy 
promising ojie. 

First Aid to Injured.—While automobile repairing is not 
classed as a precarious occupation, accidents are frequent in the 
shop or on the road and a knowledge of first aid principles may 
often avert more serious consequences and do much to alleviate 
the pain of the injured person pending the arrival of a competent 
physician. The following information may be studied to advantage 
by all interested in mechanical w'ork and by automobile operators 
as well. 

Shock: Shock is a sudden depre.ssion of the vital powers arising 
from an injui*y or a profound emotion acting on the nerve centeta 
and inducing exhaustion. The symptoms are subnormal tempera¬ 
ture and irregular, weak and rapid pulse; a cold, clammy, pale^and 
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profusely perspiring skin; irregular breathing; the person affected 
usually remains 'conscious and M’ill answer when spoken to, hut is 
stupid and indifferent and lies with partly closed lips. Always be 
sure that there is no concealed lieinorrhage. 

Treatment: Lower the head, wrap the i)atient in hot blankets, 
and surround him with lamps or other heat giving objects. Give 
an ordinary stimulant, as black coffee, to be sipped as hot as it can 
be borne; half teaspoonful doses of aromatic spirits of ammonia 
may be given every 20 or 30 minutes. Small doses of whisky or 
brandy may be given, provided there is no hemorrhage. One or 
two teaapoonful cvciy 15 or 20 minutes will help to tide the pa¬ 
tient over until the doctor comes. Inhalation of oxygen is often 
of much service; artificial respiration may be necessary in some 
cases. Hot applications over the heart and spine should be used if 
practical. Always hurry up tlie doctor. 

Fractures: A fracture is a break in a bone caused by a direct 
or indirect violence. Fractures are the most important class of in¬ 
juries with which we have to deal, not only because they render the 
victim a cripple for the time being, but because the further useful¬ 
ness of the limb depends upon the recognition of the trouble and 
its proper immediate treatment. Frequently ignorance or careless¬ 
ness in handling a fracture in the beginning renders the sufferer 
an invalid or cripple throughout his life. 

Treatment: In examining the fracture great gentleness in hand¬ 
ling the part sliould he exercised. The limb should be handled as 
little as possible. If the nature of an injury is ia doubt, it should 
be treated as a fracture until the doctor arrives. Never allow a 
person suffering from a broken limb to be moved until the part is 
propej’ly supported by splints. To treat a fracture, draw the frac¬ 
tured limb into a natural position and hold it there by the appli¬ 
cation of splints. 

Dislocations: A dislocation is a complete separation or displace- 
ment of the surfaces of a joint, caused usually by direct violence, 
but may sometimes be produced by indirect violence or sudden mus¬ 
cular contraction. The symptoms are: Pain, swelling, di.scolora- 
tioii, rigidity; the natural position of the limb is changed; the 
length is altered. 
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Treatment: Kestore the bone to normal position and hold it in 
l»lace. To properly reduce the dislocation, some slirgicaJ skill and 
k«owledg<‘ of the anatomy of joints are required. First-aid men 
sJjould never try to reduce any ilislocations except those of the jaw 
and fingers. 

Spraim: A sprain is a twisting or wrenching of a ioint, pro¬ 
ducing a tearing of the ligaments ami sometimes of the surrounding 
soft parts. It is followed by severe pain and marked swxdling and 
discoloration. Sprains are important injuries and should be prop¬ 
erly treated immediately, as soraefiinos permanent disability may 
follow failure to give them proper care. Tlicy are very often more 
serious than a fracture. 

Treatment: Let. the injured person rest; elevate the injured 
part and fix it in place cither with splints or ))y wrapping the 
joint tiglilly with a roller bandage or with adhesive plaster. Give 
hot or cold applications by placing the injured part in hot or cold 
water or by the application of towels wrung out of ice water or 
hot water. 

Strains:. A strain is the wrenching or tearing of a muscle or 
tendon and is usually caused by violent exertion or sudden unex¬ 
pected movements. A strain generally occurs in the muscles or 
tendons of the arms or legs. The symptom is sudden, sharp ex¬ 
cruciating pain. 

J'reatwcnl: Let the injured person rest; bandage the injured 
part tightly or apply adhesive plaster. It is sometimes necessary 
to prevent movement of the part by splinting. 

Burns and Scalds: Burns are caused by expesure of the body 
to dry heat, such as the heat of fire or explosions of gas and powder, 
whereas scalds are produced by moist heat, as the heat of boiling 
water or steam. The danger from a burn depends upon its depth 
and extent, and also on the age and general condition of the per¬ 
son injured.. 

The symptoms in a first-degree burn are: Severe, burning pain, 
reddening of the skin, formation of bli.sters; in a second-degree 
burn destruction of the skin; in a third-degree burn, destruction 
of the skin ai]d some *df the tissue beneath. In severe burns shock 
is present. 
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Treatment: Carefully remove the clothing from the burned 
part, exclude the air as quickly as possible from burned surface 
with some clean covering and treat for shock. 

The most generally used covering for burns is picric-acid gauze. 
This is ordinary sterile gauze which has been saturated with one- 
half to one percent, solution of picric acid. It has this ml vantage— 
it is clean and ready for use. Moisten the picric-acid gauze with 
clean water and put it over the burned surface. Over the gauze 
place a layer of absorbent cotton then apply a bandage to hold 
in place. 

(Barron oil, which is a mixture of equal parts of limewater’ and 
linseed oil, is often used, and is very good. Tt is applied as follows: 
Take a piece of sterilized gauze large enough to cover the burned 
surfacej saturate the gauze w'ith carron oil and cover the burn. 
Dress with absorbent cotton and cover w ith a bandage. 

Vaseline, sw’cet oil, olive oil and balsam oil are all good dress¬ 
ings. If nothing better is at hand dissolve some bicarbonate of 
soda in sterilized water. Gauze wrung out of this and spread over 
the burn will give relief. Remember that severe burns arc accom¬ 
panied by shock, and always treat a burned patient for .shock as 
well as for burns. 

Schaefer Method of Artificial liespiration: Free tlie victim from 
electric current conductors or in case of drowning, roll on a barrel 
to expel water and instantly remove him to fresh air. Rapidly feel 
with the finger in his moutli and throat and remove any foreign 
body (tobacco, false teeth), then begin artificial respiration at once. 
Proceed as follows: 

Lay the subject on his stomach with arms extended as straight 
forward as possible and with face to one side so that the nose and 
mouth are free for breathing. Let an assistant draw forw'ard the 
subject a tongue. 

Kneel straddling the subject’s thighs and facing his head; rest 
the palms of your hands on the loins (on the muscles of the small 
of the back) with the fingers spread over the low’est ribs (Fig. 
467 A). 

With arms held straight, fingers forward, slowdy swing forward 
• so that the weight of your body is gradually and without violence 
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Ijrought to bear npoii the subject (Fig. 467, B).^ This act should 
lake two to thrc'o seconds. Then immediately swing backward so 
as to remove the pressure, returning to the position swing in Fig. 
467, A. Repeat regulai’ly 12 to 15 times per minute the swinging 
forward and backward, completing a respiration in four or five 
seconds. * 

As soon as tliis artificial respiration has been started and while 
it is })oing conducted an assistant should loosen any tight clothing 
about llie subjectchest or waist. Continue the artifieial'respira- 
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Fig. 467.—niuatratlog Shaefer Method of Arttficlal Bespirstlon. 
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tio'n without interruption until natural breathing is restored (if 
necessary two hours or longer) or until a pliysician arrives. If 
natural breathing stops after having been restored, use artificial 
respiration again. Some patients have been revived after several 
hours of liard work. 

As .soon as signs of life appear the lower limbs should be de¬ 
bated «id rubbed vigorously toward the lieart. Hot applications 
should be used over the heart if practicable. If the patient gains 
consciousness and is able to swallow give hot coffee or half-tca- 
spoouful doses of aromatic spirits of ammonia and treat as in shock. 
Do not put any liquid in the patient’s mouth until he is fully con¬ 
scious. Give the patient fresh air, but keep him warm. 

Send for the nearest doctor and pulmotor us soon os the acci¬ 
dent is discovered. 

Automobile Repair Shop Medicine Chest. —The following ex¬ 
tracts are from an article by Dr. AV. R. Ingraham published in the 
Scientific American, The instructions are so plainly given that 
they can be followed to advantage by the repairman and machinist, 
and the various remedies and supplies mentioned may be advan¬ 
tageously included in the shop equipment because the various minor 
accidents that may happen in tlie shop may be treated by some 
shopmate or member of the clerical fierce trained for this duty, and 
men kept at work after minor wounds are dressed. 

Remedy for Slight Bums. —Does the “Handy ever burn 

himself 1 Of course. One of the best, most convenient remedies 
he can use is solution of picric acid in water. It is very satisfying 
and just a little gratifying to have the excessive pain of first degree 
bums instantly quieted. First degree burns are superficial, *and 
the nerve endings, not being destroyed as in the deeper second and 
third degree burns, set up a howling remonstrance in the way of 
pain. Picric acid of a strength 1 to 200 (about one-third teaspoon¬ 
ful to one pint of water) or a saturated solution is used. It is 
antiseptic and will prevent suppuration. It is analgesic and “will 
make it feel good.'* It stains yellow, but the stain .comes out in 
the w’ash. Keep a small vial liandy. AVhen you get a bum (if 
skin is not broken), sprinkle a little acid in a*basin of water. Satu¬ 
rate a strip of gauze or cloth with this and bandage in place. In 
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a very little while (or as soon as the picric acid coagulates the 
albuminous cxiuiate) the pain is quieted. 

For Deep Burns.—Use picric acid as above for deeper burns 
(blisters and broken skin)' but more; carefully. Pour a little alcohol 
ill the basin to be used. Itoll it about so that the alcohol wets all 
the inside. Set it on fire and every germ in that pan dies in¬ 
stantly. Pour water that has been boiled from the teajcettle into 
the pan, and add the picric acid. Bandage the bum with clean 
aseptic gauze and saturate it with solution. Blisters should be 
opened and contents expressed. Open them with a needle, the busi¬ 
ness end of which is sterilized by holding in the flame of a match. 
The soot will do no harm. For still deeper burns or burns of largo 
area (third degree) ranch cau be done by tlie above to alleviate 
suffering until a physician can be had, but send for him at once. 
Tluj attending shock is serious. 

For Small Cuts and Abrasions.~*-Tf the Handy Man cuts bis 
finger or knocks the skin off his knuckle he should proceed as fol¬ 
lows: 1. Cleanse the wound. Hydrogen peroxide is becoming a 
favorite antiseptic and with good reason. Besides being a germ 
killer it acts and cleanses mechanically. Its effervescence dislodges 
and carries away dirt and any foreign matter that might infect 
the wound. Try it on a splinter of decayed wood at which you 
have picked and fussed in an endeavor to extract. The hydrogen 
peroxide “boils” it right out. Therefore cleanse the cut by pour¬ 
ing on from a bottle a little of it, full strength. (A medicine 
dropper is convenient.) 2. Dust on a little aristol. Aristol is an 
iodine compound, having the useful antiseptic properties of iodo¬ 
form, but lacks the disagreeable odor and irrittting properties of 
the latter. With the exudate from the wound it forms a good arti¬ 
ficial antiseptic scab. It may be purchased in small sifting top 
bottles. 3. Apply a protective dressing. 

A bit of absorbent cotton pasted down over the wound with 
collodion forms a stiff protecting shield, which stays in place. It 
ma^ be washed over with soap and water and will not require re¬ 
newal for two or three days. For a contused finger nail, or cut near 
the end of a finger so liable to painful knocks it forms a stiff, com¬ 
fortable thimble that is soft inside, looks better than a rag and 



Q/>J. 


does not interfere with work. For smaller, more superficial wounds 
tlian the above a useful dressing, better than the questionable court 
plaster, or even adhesive tape, is collodion, to which has been added 
aristol or iodoform (50 grams to the ounce). A small glass rod, the 
ends of which Jiave been injule smoother by melting with a blowpipe 
in an alcohol flame, makes a convenient applicator for the collodion. 
Pass it tlirongh the cork and leave it in the bottle permanently 

Fofj, Wounds and Painful Injuries. —Tu case of a deep wound 
the collodion dressing is not applicable and the soothing properties 
of n moist dressing are desired. Pour a measured quart of water 
into the basin to be used. Gauge the quantity with your eye. Throw 
out the water and sterilize tlie basin (as above) by pouring a little 
alcohol into the basin and rolling it about to wcl all the inside. Set 
it on fire M’ith a mateh a?i(l the basin is tlioroiighly .steriliz<‘d. Pour 
a quart of water that has been boiled directly from tlic teakettle 

into the basin. One tablet of bichloride of mercury (as usually pro- 

■ 

pared) makc’S a 1 to 2000 solution wlicn added to the (piart of water. 
Sterilize another smaller })asin by the method described above and 
pour a i)aJ’t of the solution into it for later use. Cleans^ the wound 
as tlioroughly as conditions permit. 

Hydrogen peroxide of full strength or diluted with water is 
usually suflieiciit. If the wound is very dirty and much lacerated, 
as machinists’ wounds arc apt to be, the following method of clean¬ 
ing is perhaps better: 

Add to 1 quart w*arra Mater in Mhieh the M'ound is to be washed 
2 leaspoonsful lysol. (This makes about 1 per cent, •solution.') 
Lysol has an odor similar to carbolic aeid, but is not so poisonous. 

forms a soapy solution, hence its value as a cleansing agent. It 
numbs the parts and makes them less sensitive to pain. The part 
slionld now be thoroughly irrigated wdtli the bichloride solution in 
the liii'ger basin, being sure that all the lysol solution is removed 
from the wound. 

Surgically clean gauze (sterilized, aseptic) is now bandaged 
over the wound and moistened with the clean bichloride solution 
saved in the smaller basin for this purpose. Bandage lightly. If 
the gauze dries and the wound becomes painful inside of 4 hours, 
remove the outer plain bandage and moisten the gauze with the 



solution again. Use weaker bichloride of mercury solution for tbe 
next and succeeding dressing (1 to 4000). If too strong, the heal¬ 
ing granulations may be retarded. • 

Home Made Aseptic Gauze.—Plain aseptic gauze (absorbent) 
may be prepared at home by the following methods: For each five 
yards of ordinary cheese cloth use one-quarter pound common wash¬ 
ing soda to sufficient water to cover the gauze. Boil for one-half 
hour and . rinse in several changes of water to remove* thg soda. 
This process removes the fat or oil from the fabric and makes it 
absorbejit. After it has been dried it is cat into suitable sizes— 
strips one yard long and four inches wide are convenient. The 
gauze is sterilizj.'d and packed I’cady for use in the following man¬ 
ner: Screw top jars with caps are placed in a large l)rcad pan, 
and the gauze is arranged loosely in the other end of the pan. 
Place in the oven and bake until tlie gauze begins to scorch 
slightly. Kemove lljc imii and all to a table and while hot pack 
the strips into the jars. Use a pair of forceps or long tweezers 
ami a short wire for this pnr|X)S(*. The tips of the tweezers and 
wire should* be made .sterile by passing through an alcohol flame 
several times, or they may be sterilized by baking with the jars 
and gauze. Seal llie jars and you have a good supply of aseptic 
gauze ready for instant use. AVhen using the gauze it is well to 
remove tlie strips with a pair of tweezers, the tips of which have 
Ix'cn sterilized in at» alcoliol flame. This avoids ]>ossibility of con¬ 
taminating the gauze left in the jars. A quick convenient alcoliol 
flame may be had by saturating a small pledget of cotton in the 
mouth of a bp tile. 

Moist bichloride gauze, which is exponaivo to 1 uy, yet invalu¬ 
able in cas{^ of accident, is made as follows: Prepare and pack the 
gauze as above. Then prepare a 1 to 1000 solution of bichloride 
as just explained (burning out the pan with alcohol and using 
bo’iled water). Pour this .solution over the gauze in the jars until 
it is thoroughly saturated and tillow it to stand for 24 hours. Pour 
off the excess'and seal it air-tight. If dry bichloride gauze is de¬ 
sired prepare the gauze as above, dry it thoroughly in the oven and 
repack. However, the moist gauze is to be preferred. In using 
this gauze observe the precaution stated above, i.e,, use weaker 
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antiseptics after 24 honrs and. for suljsequent dressing. Moist 
picric acid gauze for burns may be made and kept in a jar for im¬ 
mediate use as follows: Prepare and pack aseptic gauze, as above. 
Prepare a picric acid solution in the matiuer described (1 to 200) 
and pour it over the gauze. Let it stand and then pour off the 
excess and seal it air-tight. 
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HINTS AND KINKS 

Wuck'saw Rpfloptnr-7-IInMinf; PollMliod Pipp—Easily "Matle Soft ITaramcT 

Siisii^iite'iiin^ Shaft on IMaiicr—Holding Small Work Without a Vise— 
Tloldiiig Sinsill U'ork in \'is('—Piittiiig on Tools—Illnniitiutcd Magnet-^ 
llenujvnig Keys—'Iruing Crunkshafl—Krpair of Broken Gear Cjise—Shn- 
])l« Priming lk‘vie<‘—Goal Gns fcjr Engino Tuellng—Warming Manifold 
fctr Easy Starting—Stopping Fnel I'ipe Lnaka tm the Hoad—Use of Tnj)— 
Some llirfafling Kinks—Uenjoviiig a Slud—Eomovlng StiihTiorn Nut— 
Use of Nuts arid Holts—Plneing Knls in DillioiiIL Places—Forming Rod 
Kn<ls — B'iiiding Siiriugs In a Mse — C'uttiiig Sheet —IIoh' to Make n 

Wiped .loinl—rorina of Keys—Ifmv to Make Keys and Keywajs—B'ooJ- 
ruir K«‘y —Nut Lm’king Means—Shop Uses of Arbor Press and 

Wheel Puller—To ^lukn Wood Acid Proof—Sharpening Old Files—(^heap 
Hlaeki-ning of Brass—Heat I*roof Paint—Etching—Use of Tools—Drilling 
Holes in Glass—flaking a Magnet of a FiJ«>—Peculiar Canae of Knock 
ing—Rust (111 Tools—Screw ( utting Gears—Jliwt<»ring Dull J’olished Iron 
or Steel—S])eed of Grindslont—Uleuning Brass Castings—Pipe Joint 
CVineiit—Drilling Hints—Body Polishes—Cans uf Tops—Leather Uphol¬ 
stery--Cloth Upholstery. 


^ Hacksaw Blade Reflector Useful.—When sawing metal with a 
hacksaw and trying to saw it to a line which has been scribed on 
the surface the task is ft)uiul very difficult tmlcsa ihere is good 
light. A workman in a shop where the writer was employed made 
a reflector for his saw so that it could throw a good light on the 
vrork. A round disk of brass was made as shown at Fig. 468, B. 
The disk was fumed so as to have a collar at the back; a slot was cut 
i, through the center of disk so that it could be slipped over the saw. 
A %Q-ineh set screw in the collar served to hold the disk in place 
while in use. Some white enamel was spread over the face of disk 
to provide a good reflecting surface. A better reflecting surface 
would result if the disk Were nickel plated. 

► 9 S 9 
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Holding Polished Pipe in Vise—A very good way to hold pipe 
or rods having U polished surface is to sprinkle dry plaster of Paris 
on heavy paper and roll in this paper the article to be held, having 
plenty of powder between the paper and the polished surface. 
Place the roll between blocks of wood having hollow faces and 
clamp fifudy in an ordinary bench vise. When removing the paper, 
if the plaster adheres to the pipe in hard cakes, do not scrape but 
Trash the surface in clean water, which will loosen the plaster and 
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leave tlie pipe iu perfeel condition. Another method is to place 
the pipe betwccTi pieces of lead sprinkled with* plaster, and use 
a i)ipe vise for a clamp.* A moans often employed hy mechanics 
wlu) handle ipuiiitilies of polished i)ipc is to,face the liollowed wood 
blocks with soft felt, which is sprinkled with crocus or plaster*of 
Paris to increase the friction. The method is showm in sketch Pig. 
4C8, D, which is self-explanatory. • 

An Easily Made Soft Hammer. —A soft hammer often comes 
in handy around an automobile Avlicrevor heavy driving is to be 
<loiie on metal that must not be marred or sc7*atchcd. Nearly every 
antoinobilist eatries a hammer of some sort around and is there¬ 
fore loath lo believe that niiotlicr hammer, even a soft-face one, is 
a neec\ssit.v. Whenever metal parts are to be protected he protects 
the driven piece with wood, leather, or other soft substance. There 
is Tiothing liandier, liowevcr, than having a hammer tliat is soft 
find various types liave been made for different kinds of machine 
shop usage, some out of all-metal from pipe and pipe fittings and 
others similar to tlie one in F’ig. 4CS, F. To make.this one, iise an 
ordinary gas pi|)e that Avill easily slip over the head of the hammer 
and cut off a suitable length so that when finished and assembled 
tile jiroportions will he about as indicated. Saw' out any number 
of V*s from the pipe so that when the teeth are bent inward a 
si»ring is formed that will snugly catch the head of the hammer. 
After the V’s are cut out of the pipe, slip the i^ipe over the- head 
and arrange for pouring the lead or babbitt. The mold is easily 
made by sulmiergiiig nearly llie w’hole hammer in sand or hy filling 
the space between the pij )0 and hammer head with putty. Part 
of the hammer liead should he surrounded with the poured metal 
in order to insure a good, close fit, but the fit must not he too close. 
Xt us well before iiouring, to wrap a single thickness of paper around 
tlie head, holding it in place with thread or string. Lastly, bend 
the teeth to produce the spring-locking <‘ffoct and you have a nice 
serviceable liainmer. As soon as the face is w'orn it is a simple 
matter to repair it by melting out the soft metal, and remolding it. 

Straightening Shaft on Planer. —Tt is sometimes possible to 
straighten a long shaft or tube, such as a propeller shaft or live 
axle on a planer bed if no straightening machine is available. The 
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method is clearly shown at Fig. 468, A. The shaft is placed on the 
planer bed resting on wood blocks supported by that member. A 
screw jack is placed between tlie pinner Ju'ad and on the bent por¬ 
tion of the shaft and pressure is thus easily exerted to straighten 
the defective axle. This is so placed that the high i)oint is directly 
under the jack so that the pressuj'e exerted by that member will 
tend to bfiiig the shaft or tube back in line. 

Holding Small Work Without a Vise.—It is often necessary 
to make rci)air.s on the road and some minor part must be securely 
hchl for filing or other fitting which is difRciill to do if a vise is 
not available. A 8inij)le method of holding a key or j)in or similar 
small parts is shown at Fig. 468, C. A large monkey wrench, whieU 
is included in most automobile tool kits, is used as a vise and while 
it is difficult to secure the proper degree of clamjdng ])ressure by 
the movable jaw adjusting screw alone*, sufficient pressure to hole! 
the k«'y se'curely may be easily obtained by placing a ])oll between 
the wrench jaws and the piece to Ihj held in the manner indicated. 
Conside.rablc pressure may be exerted by hohling the bolt head 
froTU turning with one wrench and screwing the nut at the end of 
the bolt out against the fixed w'rciich jaw v.dth another WTcnch. 
If it is desired to hold a round piece a shallow groove may be filed 
in the bolt head to prevent it from slipping from the work. 

Holding Small Work in Vise.—When filing small screws, holts, 
or pins tligt would be difficult to hold in a vise on account of dan¬ 
ger of marring the surfacies the best method is to drill holes in a 
wooden block to receive the screw and out a slot from the end of 
the block down to the hole. When the vise jaws arc tightened up, 
they clamp the piece firmly and it may be filed with ease as indi¬ 
cated at Fig. 468, E. 

Bemoving Keys. —On a number of cars of early vintage, such 
as the double cylinder Maxwell and on many marine engines, the 
flywheel is held on the crankshaft by means of jib keys. When 
it is desired to remove the flywheel as is necessary to withdraw the 
eranksliaft from the engine base when rebushing the bearing, dif¬ 
ficulty is sometimes experienced in removing the key. A very ef¬ 
fective method of accomplishing this is shown at Pig. 469, A. The 
key extractor or puller is forged of steel as indicated having two 
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hooks at the ends formed on curves of different radii. The one 
having the more gradual curve is used first to start the key -while 
the one having more abrupt curve is cn\ployed for withdrawing it. 
When the key puller is'placed betweem the head of the key and the 
hub of the flywdiool a cam action is obtained by which the pressure 
of the hammer blows on the other end of the key puller is increased 



Fig. 469.— A —Removing Jib Key. B—Method of Truing Crankshaft. 
C—Repair of Gear Case with Babbitt Metal. D—Use of **Futtittg- 
On’* Tool. £—^ninhilnated Magnet. 
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many times and the key easily started. If the key is rusted in place 
or if it has not been removed for a long time it may be found desir>< 
able to heat the end of the shaft with a blow torch or to soak the 
rusted parts with kerosene. 

Truing Crankshaft. —The method of holding a crankshaft when 
it is desired to true the crank pin journal shown at Fig. 469, B, is 
a very prtictical one aiid is followed by a number of mechanics 
when Overhauling an engine. The journals are often not roughed 
up enoiigli to warrant dressing them down in a lathe, so the crank¬ 
shaft may he securely clamped in a vise between wooden blocks 
and the journals dressed down with strips of emery cloth or with 
a leather belt or strap covered with oil and abrasive iiiaterial. 

Repair of Broken Gear Case. —An omergenoy repair of the 
gear case that has becMi injured by a nut falling !)etweeu one of 
the gears and tlie bottom of the case is shown at Fig. 469, C. The 
repairman who made this repair did not have an autogenous weld¬ 
ing outfit so the hole was filled up with bal)bitt metal as shown. 

A Putting-on Tool. —ITow often at some time or other, have 
mechanics wished for something in the way of a putting-on tooll 
As it is always easy if a piece is too lai'ge, to remove metal in 
order to bring it to prot)er size this proposition does not worry even 
the poorest mechanics. But what is to be done if the piece is too 
small! A common method and a brutal one is to take a center 
punch and upset the surface of the metal, in order that it shall be 
a tighter ht in the hole. A bushing or a rod, if not loo small, is 
often treated in this manner, and may be forced into the hole. A 
more effective method of ‘‘putting on” is by means of a common 
coarse knurl, knurling the busliing the entire circumference in 
several places. This will have the effect of expanding the outside 
diameter almost of an inch, if desired, and is much neater and 
infinitely superior to the use of prick punch marks, which is an 
unsightly and unreliable method of increasing the effective diame¬ 
ter. "The great advantage of knurling is that the metal is equally 
and uniformly expanded, does not look bad if for any reason the 
bushing or rod is withdrawn and w'hat is more important for any¬ 
thing that must 1)C a light fit, it will never work loose. 

Illuminated Magnet. —An electric searchliglit and electro-mag- 
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net has been brought out by an English concern and should prove 
a useful tool in repair shop. It consists of a liand]e^ on one end of 
wliich is the magnet, while above the latter is an electric bulb which 
sends light through two windows, as presented at Pig, 469, E. A 
flexible cord pusses through the instruinent and is attached to a stor¬ 
age battery or dry cells. The magnet is utilized to pick up nuts, 
bolts or pieces of metal that may drop into the crankcase or other 
places not easily reached by hand, and is said to be suffi^cntly 
powerful to attract a good sized wrench. The light facilitates find¬ 
ing the parts, iiiay be used to ascertain tlie amount of gasoline in 
the fuel tank or lubricant in the crankcase and to inspect other 
jdaeVs. Til addition to being handy in the garage it could be in¬ 
cluded ill flu* tool cijuipmcnt of a car and used in connection with 
the roadside repairs. 

Simple Priming Device,—Several simple priming devices may 
be constructed by anyone of average niechauical ability to facili¬ 
tate motor starling in cold weather. One such equipment is shown 
at Fig. 470, B, and comprises a dash priming cup, tubing con¬ 
necting it with the intake manifold, and a spraying device, which 
is shown separate in the drawing. It will be noted that the last 
named member is ]>erforated. To utilize the primer a little gaso¬ 
line is poured into tlie ciq) on the dash and the lever turned slightly 
to admit the fluid, also a little air. The fuel flows through the tube 
to the perforated member, and upon cranking the engine, the air 
drawn in through the carburetor and pctcock breaks up the fuel,, 
converting it into a rich mixture. It is stated that the motor will 
start on the'second or third crank even in the coldest weather. The 
material required to install the primer consists of a pctcock, which 
is secured to a plate on the dash ^ a connector having a tubing and 
a pipe thread end, annealed copper tubing, and a union.. 

To the last named is soldered a piece of brass tubing which ia 
drilled full of No. 62 drill holes. Its length should be approxi¬ 
mately that -of the diameter of the intake pipe into which is in¬ 
serted by drilling and tapping a hole. The manner of installing 
the parts is clearly depicted in the drawing. It is stated that the 
equipment described can be made at a slight cost. A simpler in¬ 
stallation is showm at A, this consisting merely of a pctcock 
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threaded into the intake manifold. It has the disadvantage that 
it must bo reached to be filled by raising the hood. The owner of a 
model T Ford states that he has obtained increased mileage by the 
use of the primer, ns the petcock on the dash may be opened to 
admit auxiliary air. In average running in warm weather he has 
Secured 2G.5 miles to the gallon, and 32 miles in long trips. 



Fig. 470.—A^—Simple Priming Device. B—Simple Priming end Aux¬ 
iliary Air Device. G—Coal Gas and Air Mixer. D—^Method of 
Warming Carburetor. D—Smergency or Fuel Pipe. 

Coal Gas for Testing Engines.—The Willys-Overland Co., 
Toledo. Ohio, uses city gas for testing and “running in” engines 
in its testing department. The. eom])any has constructed a special 
mixer wliich fits the inlet manifold and takes the place of the car*-' 
buretor. This i.s shown at Fig. 470, C. The housing i.s a cast iron 
cylindef having a threaded boss on one side for attaching to the 
gas supply at A. Level with the gas inlet are two air porta, B. B. 
Threaded into the* bottom of the housing is a plug, the object of 
which is to rotate a sleeve inanediatoly above it around in one 
direction or the other as may be required for the adjustment; this 
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sleeve is connected to the threaded plug by two sliding keys (not 
shown in.drawing). 

Running through Ihe plug is a rod threaded at the upper end 
which permits of the sleeve being raised and lowered as may be 
required, but whicli will not rotate it on account of the sliding 
keys that move up and down iu corresponding slots in the plug; 
the i)lug is locked in position by llic screw, C. When setting the 
mixer in testing an engine, the sleeve is first rotated by the plug 
•to obtain the eorreet proportion of gas ajid air, usually to a posi¬ 
tion as shown in section AA. Note that tlie gas supply is con- 
sidcrahly smaller than the amount of air allowt’d. When this ad¬ 
justment is made, the plug is locked by screw C. Then the speed 
of the rii(»tor can be regulated by raising or lowering the sleeve with 
the threaded rod rnnnijig tlinuigh tlie plug. This makes a very 
simple and inexpensive device wliich is entirely satisfactory. Be- 
.sides saving fuel, it does away with the danger from split gasoline 
in the test shed. 

Stopping Fuel Pipe Leaks.—One of the simplest emergency 
methods is to utiliz<*. a section of rubber tubing whicli is slipped 
over the metal pipe, but if the break be in tlie center of the line 
the vibration would tend to chafe the rnbbor. The latter should 
be braced by splints and the manner of attachment is shown at 
Fig. 470, E. Where this is not obtainable a repair may be made 
with ordinary friction tape. Strips of wood are laid lengthwise 
on a first winding of tape and in the sanig direction as the line 
and the outer tape wound as depicted at E 1, being tied with twine. 
The wrapping should be snug where the break occ irs to prevent 
leakage of the fuel. A small crack may be treated in a similar 
manner or by using soap and tape as the former is not affected by 
gasoline; in fact, a piece of this material is invaluable in the tool 
kit. Shellac may also be used in conjunction with tire tape. A 
piece of rubber hose from the acetylene gas line may be used to join 
the broken pie/ies of tube temporarily. 

Warming Manifold for Easy Starting.—One finds numerous 
instructions for easy starting of a gasoline, engine undei* conditions 
of low temperature w'hen the gasoline doas not evaporate readily. 
Some ill advised writers have recommended the use of hot cloths 
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heated by being saturated with boiling water, others have been aJ- ^ 
vised to heat tlw manifold w'ith an ordinary blow torch. The ne¬ 
cessity of keeping the naked fianie away from gasoline is apparent 
to any one familiar with this liquid and it is also evident that 
Fatcr dripping from a saturated cloth in through an auxiliary air ^ 
valve so it would get into the carburetor mixing chamber would 
cause^ considerable trouble on account of l>eiug matter out of place. 
An excellent method of heating a Ciirbiiretor or manifold without 
any danger is to use a tube of cloth or long bag which is filled with 
sand and placed in an oven after which it may be wrapped around ^ 
cither the carburetor or manifold as shown at Fig. 470, I>, without 
any danger of fire as is .present when a torch is us(?tl or gtdting 
^tttor into the carbur(*ti»r as is possible when wet elotlis are em¬ 
ployed ns a heating medium. 

The Use of the Tap. —The true mechanic can always be known 
by the way he uses his tools, an<l care must always be taken that 
^ the right way is emi»l«yed. because improper use has shortnu'd the 
ijife of many good tools. Taps and dies arc commonly abused, and 
•often broken. You will never see a thorough mechanic using a 
' monkey w’rench on a tap. lb; will tell you tliat there is a one-.side<l 
force against the tap, especially if the metal behig threaded is at 
all hard, that will invariably break the tap. Tt is obvious that the , 
wrench supplied and called the tap wrench is all that should be 
used for this purpose, as both its arms are of equal lengths, and 
there are no bending strains against the tap. Tlirn there* is the die: 
fortunately most of these are used wutli the proper holder, known 
as a diO stock, and they are not as easy to break as the more fragile 
tap. The end of the blank rod which it is desired to thread should 
be carefully filed or turned to a slight taper, so that the die will 
fit it with ease, and have a chance to start. Then eare must he oh- * 
served to prevent wabbling of the die, which might break some of 
the cplting teeth, or would cut a vei’y inaccurate tlirend. ‘Wlien it 
is desired to cut threads to a shoulder the die may Ik* used the 
regular way as far as possible and then reversed, which will cut 
threads right to the shoulder. Never try to start a die wdlh the 
reverse side, because it will be practically impossible to obtain a 
good thread. 




I Fig. 471.— A, B, C, D—Illustrating Use of Tap. E—How to Bemove 
^tnda. r, G—^Placing Nuts and Bolts in DitAcult Places. H—How 
to Remove Stubborn Nut. 1—Easily Made Thumb Nut. 

Tho care to be used with a tap or die varies according to tlie 
njatorials to be tlireaded. If cast iron or brass be tapped, a raini- 
innm of the lightest cutting oil should be employed, whereas 
wrought iron or steel will require tlie constant use of a cutting 
oil. Never use machinery or cylinder oil with a tap or die; lard oil 
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Bliould always be at hand for this use. In iron or steel the tap ' 
should be worked in K^^itly, and with quarter turns backward and 
forward as soon as it begins to take hold. If the hole is deep, care 
must be used aud the tap removed occasionally to clear it of chips. 
Tap sets are usually composed of three of each size, two of which r 
have an appreciable taper at the end, the otluT is the same size all 
the way, and is slightly chamfered at the cud. That with th. ■ 
greatest taper or “leading ” tap is used first, followed by llie next 
one, which is known as the No. 2 or “following'’ and last of all 
the No. 3 or “bottoming” tap. The bottoming tap should never * 
he used except after both of the others liavc been used as far ns 
I)ossible. A bottoming tap is very useful to clean nut or enlarge a 
thread that is already tap[)<*d but which may be. a trifle small. 

Some Thread Cutting Kinks.—The r)*[)airman often lias occa¬ 
sion to cut left hand threads in nuts or on bolts and it sometimes 
ha]>pens that a left hand tap or die is not available at the moment. 

A right hand taj) can be used to thread a rod to make a bolt or 
for tupping a nut with a left hand thread by observing a few' sim¬ 
ple precautions. The illustration at Fig. 471, A, sliows how to 
thread a rod with a riglit hand-lap so it w’ill aid in the same way ^ 
as a left hand die. Two holes are drided in a piece of hard wood 
in such a manner that they cut into each other, the size of the hole 
being equal to the diameter of the piece to be threaded. The tap is 
screwed into one and held rigid, the other serves as a guide for 
the bolt or rod upon whicli the threads are to be cut, causing it 
to bear against the outside cutting edge of the tap. By turning 
the rod in a left hand direction a left hand thread will be cut, both 
the pitch and cutting edge of the tap being true enough for this' 
purpose. Parallelism of threads will depend on the operator. ^ 

"When the tap is to bo employed in tapping out a nut, the altera- 
tion shown at Fig. 471, B and 0, is necessary. A four-fluted right 
hand tap is changed into one having but two cutting edges by 
grinding off two of the flutes. On considering the Temaining two 
cutting faces, it will he .seen that the point of the thread on one 
side is on a line with the bottom of tlie thread on tlie other. This 
form of tap will cut either right or left hand threads depending 
upon the direction of rotation. Steel and lirass, as wi'll as cast 
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iron, have been tapped siieoossfiilly by this method. After a nut 
is tapped, should it prove too small for the bolt Jt is intended to 
fit, it may be easily made, larger. A small pieee of tin is placed 
over the end ot* one of the ilutes of the tap, as shown at Vig. 471, D. 
The tap is “run through again and it will be found that the piecx* 
of tin crowds the lap to one side and cuts a considerably larger 
hole tlian Ix.'foro. If the nut should not ju'ovo large enbiigh, an¬ 
other pie(‘e of sheet metal may he pbiecnl over the first one, *vliieh 
iias assujued the contour of the threa<ls. 

Removing a Stud.—Nothing marks the .slovenly mechanic more 
Ilian the methods he mnploys in performing bis work, aa well as 
Hie use of tl>e inijiroper tools for diO’erent operations. He will 
<'ln’erfully use; a screw driver as a cold cdiisel or a monkey w'rencU 
as a hanimer, with but little care of the consequences, both to the 
tool and the work. It is this class of “mechanic’’ wdio will use a 
Stillson or pipe wrench ipion a stud in essaying to remove it from 
llie work, marring the aiqiearancc, as wx*ll as often destroying its 
nsefIllness liy injury to the threads. Two methods are shown at 
Fig. 471, K, of removing a stud without damage to any part, the 
«imj)lest being by the use of two nuts, the more meehanicul by 
moans of a simple device or tool. AVlierc two nuts are employed onii 
is used as a cheek or lock nut for the other. The two nuts are 
tightly locked to each other and Hie prc.ssuro to remove the stud 
is applied to the lower om'. It may ho neeA.*ssary to hold the top 
nut by moans of auoihcr spanner or end wrench to i)revent it turn¬ 
ing upon the stud instead of with it. 

A very efficient and simple device for remo\’ing studs may be 
made by .iny ordinary man familiar with the use of tools. This 
consists of a body C which may be made of a piece of hexagonal 
or square stock; either bronze or steel is preferred to cast iron, be¬ 
cause the threads are much stronger in such metals, A hole is 
drilled through of^suitable size and a tap is nin down through the 
hole and a suitable tliread cut to fit the stud to be removed. A 
cap or sot screw (A) completes the device. To use, the body is 
screwed upon the stud for a certain distance and the set screw is 
then screwed tightly against the end of the stud. If the body is 
made of round stock, flats should he filed on the sides in order to 
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Oiolil a wreueh. If square stock is available, it will be preferable. 
This device is very hamly ami should be made in several sizes, for ' 
the various standard stud sizes which are mostly used in mechani¬ 
cal work. A set should form part of every mechanic's personal kit 
because they are inexpensive, and when reipiired are worth their 
height in gold. 

Removing^ Stubborn Nut. —While a stubborn .stud or sheared 
bolt Is difficult to r(*move, one can usually unscuvw a nut without 
much trouble, even if it has become more or le.ss rusted in place. 

A good method to take off a nut that seems to resist being parted 
from its stud or bolt more than usual is to heal an open apannor * 
that fits the nnt and let it rest against the mil for a few minutes. 
The heat, will sometimes expand tlui nut without producing corre- 
sjionding expansion of the bolt and it may he uiLscrcwcd. The 
spanner or end wrejieh may be heated in a lilow lump flame, and 
vhile this kink is very old it is Jiot generally known. One .«8hould 
not heat u hardened wrench or an adjustable member as it may be 
rendered unfit for use. 'Pho blow lamp flame should not b<' ajijilied 
to the nut direct because the holt will be heated and will (‘xpand 
as well as the nut. Kerosi im may be pourtnl around the threads 
with g(K)d results, especially if the nut has rusted in place. Several • 
alternate heatings and appUcufious ol k<'rosene oil may he nee<led 
before the nut is loosened and if it siill resists, a light tapping with 
a hammer on all the facets while it is hot may assist in having it 
become loos(‘r on the threads 

Use of Nuts and Bolts. —Most of the parts of the motor car arc 
held together by what is known as a bolt and nut, especially if 
the component is one which must be removed from time to time 
for inspection, adjustment or repair. There is no part of the car 
which is subject to more abuse than the bolts and nuts, and these . 
parts arc often damaged b}*^ carelessness or ignorance so that new 
ones must be used. This is not a serious matter if the bolt is 
a standard form, but if a special size fitted with an odd thread, 
it must be evident that a new. one can only be obtained from the 
factory or made at the local machinist’s at some expense. If diffi¬ 
culty is found in causing a bolt used to hold together two parts to 
fit the holes with ease, the chances are that the two pieces arc dis- 




placed angularly, and one shoiild not atteinj)! to put in the bolt bV 
brute forec. A good plan is to use a taper jmncli, smaller tlian the 
bolt at the point and larger at the oilier end, this is first driven 
into the hole, and tends to'bring the parts into proper alignment so 
that the bolt in.ay be easily inserted. 

^lajiy bolls and studs and their nuts are damaged by eartf- 
h ssness in starting the nuts cross threaded, and then usiiig^a wrench 
to forcibly turn them on. Nuls sboiiUl be earefnlly started with 
tlie fingers and one shoidd ascertain that the threads engage prop¬ 
erly bt-'Torc' pressure is applied. Bolts are very often spoiled in 
driving tbem out from tbe i»arts in wliicli they are located. If 
they (b> not start readily one is often teiujded to use a liammor 
upon tliein, with tin* result that tbe ends of the threads arc burred 
oMT and (»ne has trouble in replacing the nut. A stick of hard 
wood, a piece of fil>er, or a junk of s(»ft brass, copper or lead should 
be interposed between the bannner arid the end of the bolt to pre- 
\ent damage of Ibis kind. Most mechanics have either a lead or 
cojjper hamnier for this purpose, and the writer has seen motorists* 
kil.s wliich had this nseful tool, or its e((uivalent, a wooden mallet. 
There ai'e many uses for such a tool, as driving on or off the various 
soft parts, either of brass, ahuninum, or cast iron, which would be 
dented and daiiiag(Ml by the steel hammers generally used. 

Starting Bolts and Nuts in Difficult Places.—Recently while 
working on an automobile it was found difficult to get a bolt started 
in itvS place, and when the writer had about decided to remove other 
parts to enter the bolt, the following scheme of overcoming the 
difficulty was tried. A piece of wire w’as procured and one end 
lightly soldered to the bolt head. This served as a handle for 
placing the bolt and was easily removed by giving the wire a few 
turns. The same meaos can be used to enter bolts and pins in 
places not easily accessible, the time of preparation being small as 
compared with the practical value of the device. (See Pig. 471, 
G.) A simple method of starting a nut is shown at Fig. 471, F. 
The holder is‘ made of sheet metal, rolled into a tube. A nut is 
then inserted in one end and the metal hammered to the shape of 
the nut. Any length of metal can be used, as desired. In use, the 
sliapcd end of the metal is slipped over a nut and a slight pressure 
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suffices to screw it down over bolt. For starting nuts on the end 
of a bolt in a loniution not easily reached with a wrench the simple 
tool shown at Fig. 481, II, will be found valuable. This is made 
of steel and has a projeefing lip against which a drift may be 
placed at II 3. The nut may be started by hammer hlow's wdlh- 
out damage, llurred threads on u bolt may be cleaned up by using 
an exteiriporizcd die made from a nut of the proper size as at II 1 
by cutting a series of tliri'c grooves in tlie threads with a three 
cornered file to provide cutting clearance aud Iheii case-hardening 
the nut interior. 

Forming Bod Ends. —Jtaiiy of tlu^ minor control rods siich as 
is used for advancing the timer, maniimlatiiig the throttle or work¬ 
ing the muffler cutout are simple .steel rods with the ends bent over 
to be pushed through the eye of the levers they connect. A siuinh' 
method of making these rod ends is .shown at Fig. 472, A. A 
block of steel is drilled with three or four holes to conform to tin? 
sizes of rod ends most generally used. It is well to have the holes 
about one sixty-fourth inch larger than the rod size. The w’riter 
would advise making holes, onc-eighth inch, three-sixteenths inch, 
quarter-inch and five-sixteenths inch in the block. When making 
the rod C2id, the block is held in the vise and the rod, which is either 
Norway iron or mild steel is thrust into the block to the desired 
depth and then bent over with a hammer as indicated. In bond¬ 
ing the rod this sh(mld bo dojie slo^vly and with a.s much care as 
possible and the rod should preferably be heated to a red heat be¬ 
fore bending. 

Winding Springs in Vise. —Small springs arc often needed in 
repairing automobile parts and in some cases a si)riug winder or 
lathe is not available for making the spring. The illustrations at 
Fig, 472, B, are reproduced from a recent issue of Macbiiiery aud 
the device shown is a very practical one as it uses parts found In 
every garage, A rod A is wlectcd that will give the correct inside 
diameter to the springs. The diameter of this rod must be deter¬ 
mined experimentally as there must be some compensation for the 
enlargement of the spring when released. This, of course, means 
that the rod must be less in diameter than the inside diameter of 
the finished spring. The rod is bent at one end to form a crank. 



Hints and Kinks 


975 



Tig. 472:—A—Method of Forming Rod End. B—Winding Spring in a 
Vise. C—Cutting Sheet Metal. D—^How to Make a Wiped Joint. 

A liolo C is drilled near the crank end wliich shoiiM he largo enough 
to allow Iho Olid of flic spring wire to enter. The iool is clauiped 
hetwec'u the vise jaws B and the wood blocks D. The rod A should 
Ju* cltiniiied with the crank as close to the blocks as possible with 
tlie wire in a vertical position. As the crank is turned, a gi’oove is 
( lit into the wooden block which acts as guide for the wire D, the 
number of toils or pitch of the spring being determined by the 
amount of inclination of the wire. The greater the inclination the 
wider the spacing. The first turn of the crank must he very care¬ 
fully made as it determines the pitch. 

Cutting Sheet Metal. —When a strip is to be cut from sheet 
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jnotaK instead of layinj? the sheet down on an anvil or bench plate 
and cuttirip: uith»a chisel by hammorinpr against the eliiscl which is 
placed vertically in respect to the block the method shown at Fig. 
472, (\ is rccoinnionded. This gives a shearing cut wliicli will make 
a^moother edge ami not bedialdc to daiiiuge the edge of the cliisel 
as is done Avhen that tool is <lriven through the slieet im*tal and into 
the ha<^kiiig block. The piece of slicct metal to ]»e cut is chnnpcd 
betw('en the jaws of the vise, just enough of the metal being al¬ 
lowed to project above tin* vise jaws as corresponds to the width 
of tlio piec(* to h(i cut. By cutting with a shearing action U) the 
manner indicated it will be possible to ent olV Hie strip smoothly 
witli very litth* exertion and without damaging the chisel edg(‘. 

How to Make a Wiped Joint. —Tlie wipe<l joint, is a form that 
is v<u'y poi>iih\r willi plumbers when joining lead pipes, but it may 
also be used to advantage by the repairman in making joints in 
tile copper tubing used for acetylene gas oil and fuel lines and in 
some eases the largi'r cojiper pi]>e employed for Avater nmriifolds. 
The various steps are show'ii at Fig. 472, B, the protiortions of the 
pipe or tube being greatly exaggerated in order to make the ])roeess 
ch?ar. The first step is to expand one end of the tube by driving 
in a small conical expanding tube, taking care to hold the inpc 
firmly between wood blocks in the vise while this operation is in 
progress and to expand the pipe by a series of light taps rather 
than heavy hlow’s. if the expanding tool is held too hard it is apt 
to spread the pipe. The end of the tube to ])e joined wMth that 
one which has been previously expanded is filed down tapering in 
order to fit the expanded section of the other piece. The parts are 
well coated with soldering flux and molten solder is poured on the 
joint from a small ladle, this being wiped by a pad of felt which is 
well waxed and which is used to wipe the molten metal into a. 
eymirietricnJly Hhai>ed mass to form the substantial joint as showm 
in the-sectional view at the lower right hand corner of the illus¬ 
tration. If care is taken to have the pieces of pipe cleaned before 
they are joined and to have reasonably close fits bctw*een the male 
and female taper a very satisfactory joint may he made wdth a 
little practice. 

Forms of Keys. —Many parts of automobiles wdiich must be 
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roiTioviMl from the pieces to wliieh tliry ore fostojKjd and by which 
they are aetualed are held ])y a inetiiod of fastening called* “key¬ 
ing.” Various forms of keys arc sliown at h'ig. 473, lhat at A be¬ 
ing a form made fi'oni ordinary key stock which may have cither 
rounded ends or stinare cmls di^pending iiimii wiiether the key is 
to bo hito a koyway nuH-liitted into tlie eenlor of the shaft or 
at one end. If the ko^'way comes in tlio nii<ldle of the ^liaft, a 
round cud key such as slmvvn at A is gejierally u.s(‘d. If the key- 
way is at the end of Ihc shaft, the key is apt to bo a form having 
square ends. Key stock is procuietl in various standard .sizes tind 
is rtsually made simxdh enougli when manufactured so lhat no great 
anmuiit of filling is needed to iiisr*rt it in Die keyway. The key 
shown at H is known as the Woodruft' key and is a very popular 
form in autoiiiohile conslnuMifui. It is eommonly used for seeuving 
such jiarts as gears, cams. an<l rocker arms to shafts. Tlie taper 
pins shown at C is a favorite metliod of retaining brake actuating 
and control level’s to Die shaft operating llieni. The straight pin 
shown at 1) may be used in two way.s, it may be driven entirely 
through the shaft and the hub of the lev(*r and then headed over 
or it may be driven into a drilled hole wdiicli is made after the 
gear or piece it is to hold is in place on the shaft, thff hole being 
drilled in such a way that half of it is in the gear and the other 
half in the shaft. The use of a taper pin is clearly shown at F 
while that of the round ])in or key show'u at D is outlined at G. 
The half round keyw’ay for the "Woodruff key is shown in the taper 
end of the shaft outlined at K as is the method < f making a tem¬ 
plate to obtain the radius of the Woodruff keyway wdien it is de¬ 
sired to fit a new Woodruff key or to determine the size of the 
bey way if tlio old key is lost. 

• The method of making the taper pin lock is a simple one. A 
siraight hole is drilled through the l'kss of the lever and the shaft, 
the drill size being the same as that of the small end of the taper 
pin. Taper reamers may be obtained to conform to the taper of 
the standard taper pin and these are employed to produce the 
correct taper in the straight hole in order that the corresponding 
taper pins may be a tight drive fit in both shaft and lever boss. 

How to Make Keys and Keyways.— The method of laying out 
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a keyway when the rounded end key shown at Fig. 473, A, is to be 
placed in a shaft 3s sliown at Pig. 474, A. The outline of the key 
is scribed on the shaft, care being taken ’to have the curved end 
a half circle whose radius is equal to half tlie wicUli of the key. 
Pdr example, if the key is suppo.sed to bo onft-qiia»‘ter inch wide 
and tw^o injdies long the first ojjoration will be to dc.scril)e a straight 
line ahxig the sliaft and to indicate thereon the useful length of 
the key which is that of the straight portion by center i)nnch 



Fig. 473.—^Forms of Retaining Keys and Their Use. 

N 

marks on the lino. The dividers are then set to one-eighth inch 
radius and circles are drawn using the punch marks as centers. 
The sides of the circles are then joined by lines parallel to the 
center lino, . The next operation is to drill a scries of quarter inch, 
holes into the shaft as sliown at Pig. 474, B. These are cut out by 
means of chisels such as shown at Pig. 474, C. The operation is 
started with a narrow chisel, followed through with the medium 
width chisels and finished off with the wide one which is accurately 
ground to the correct width of the keyway. A i)iece of quarter 
inch keystock is then obtained cut to the proper length and the 
ends rounded off with a file or on an emery wheel, to conform to 
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■the shape of the kcyway. The inelliod outlined is of course, used 
ouly where regular keyway cutting machinery ig not available, as 
would be the case in a small repair shop where milling machines 
or shapers arc not included in the machine tool equipment. The 
inetliod of making a keyway in the end of the shaft is similar J,o 
that for making one in the middle of the shaft except that it is 



rig. 474.>-Methods of Cutting Keyways in Shafts Tlthout Machine 

Tools. 


much easier to chisel out the keyway with a cape chisel and finish 
'it with a file as showm at Fig. 47# D. 

Tlie Woodruff key may be obxV'ned in a wide variety of sizes 
and in different materials. It is a very simple form to make if a 
key of the right size is not available. A very satisfactory Woodruff 
form key may be made Prom a bar of round stock of the desired 
material and radius ns indicated at Fig. 475, in views A to P, in¬ 
clusive. The first sfep is to saw into the end of the rod as shown 
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then to cut into the side of the rod with the saw ns shown at 
H, this permits tho piece of stock to break away as shown at C. 
Of course, tho key is cut wider than the keyway it is to fit as well 
as longer than the regiUar size key. The operation of filhig the 
siiles and face to produce tho finislied key shown at F is clearly 
(otllined at J) and K. Tlie keyway for a 'WoodrulV key can be made 
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Fig. 475.—How to Make a Woodruff Key, Cut the Keyway and 

Method of Using. 

only by a special milling cutter made for the purpose. Tt is not 
necessary to have n milling machine to use this milling cutter as 
very satisfactory resuits can be obtained by putting it in a latbe 
or drill press chuck. The depth to whicli the cntt(*r is fed into 
the shaft is clearly shown at G. The key is then placed in the key- 
way as outlined at H and the hub of the part it is to retain is forced 
over the key and shaft as shown in the lower rigid hand comer of 
Fig. 475. Care must be taken when fitting affy form of retaining 
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pill or koy to Iihvo this a tight fit iu its koyway as if keys are fitfVd 
ioosoly so that some degree of iriovi'iuent is permitted between them 
and th(* k(‘yway and tlio shaft or the part it drfvos. sufneient lost 
mot ion may develop so the key will be sheaved off. This applies 
i sjiecially to keys subjected to variable or sharp loads as in lliosc 
<'iii])loyi‘d for lujlding flywheels, driving wheel hubs, or transniis- 
sioii system parts. , 

Woodruff Key Sizes. —Kach year so(‘s the use of mere and 
more Woodruff key.s for fastening gears and similar parts lo round 
shafts, for wliieli reason the various sizes are of considerable in- 
l(‘i‘est. A table berewith gives the various sizes which are referred 
lo'in the sketeh above, tlie letters in the table corresponding with 
thosi* ill the figiipe. There are 30 standard and many sjiecial sizes. 


No. of Key 

Diameter 

Thickness 

Depth in Gear 

Less than % 
Diameter 


a 

b 

c 

d 

1 

.500 

.0625 

.0312 

.0468 

2 

.500 

.0937 

.0468 

.0468 

3 

.500 

.1250 

.0626 

.0937 

4 

.625 

.0937 

.0468 

.0625 

5 

.626 

.1250 

.0625 

.0625 

6 

.625 

.1562 

.0781 

.0625 

7 

.750 

.1259 

.0625 

.0625 

8 

.750 

.1562 


.0625 

9 

.750 

.1875 


.0625 

10 

.875 

.1562 


.0625 

11 

.875 

.1875 

.0937 

.0625 

32 

.875 

.2187 

.1094 

.0626 

A 

.875 

.2500 

.1250 

.0626 

13 

1.000 

.1875 

.0937 

.0625 

14 * 

1.000 

.2187 

.1094 

.0625 

16 J 

l.OOO 

.2500 

. 1250 

.0625 

B ^ 

1.000 

.3125 

.1562 

.0625 

16 

1.125 

.1875 

.09;i7 


17 

1.125 

.2187 

.1094 


18 

1.125 


.1260 


C 

1.126 

.3125 

.1562 

.0781 

19 

1.250 

.1876 

.0937 

.0781 

20 

1.260 

.2187 

.1094 

.0781 

21 

1.250 

.250i, 

.12.50 

.0781 

D 

1.250 

.3125 

.1562 

.0781 

K ■ 

1.250 

.3750 

.1875 

.0781 

22 

• 1.375 

.2500 

.1250 

.0937 

23 

1.375 

.3125 

.1562 

.0937 

P 

1.375 

.3750 

.1876 

.0937 


1.600 

.2500 

. 12.50 

.1094 

25 

1.500 

.3125 

.1662 

.1094 

G 

1.500 

.3750 

.1875 

.1094 
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These sizes vary from .5-inch diameter and .0625-mcli thickness 
up to 1.5-mch diameter and .375-inch thickness. The general shajie 
of the keys is that of a coin cut into halves, although to be exact 
the half is not complete, as the sketch shows. The key is set down 
into the shaft less than its, full depth by almost the amount of its 
ttickness, so that the portion projecting above the shaft and into 
the gear or other part is nearly square in section. 

Ode great advantage of this form over a square ended key is 
the ease of placement or removal, a slight tapping on one end, caus- 



Fig. 476.—Diagram snowing Principal Dimensions of Woodruff Keys to 

Accompany Table of Sizes. 


ing the semi-circular form to rise out of the other end of the key 
seat, until it is loose enough to be picked out. 

Nut Locking UeanB. —There is no mechanism in which it is 
more important to keep the nuts, bolts and other fastenings tight, 
than in the automobile, because these arc operated at high speeds, 
over rough roads and are subjected to considerable vibration. As 
is well known vibration in machinery causes the various parts to 
loosen. While there are a number of methods of locking nuts and 
bolts to keep them from becoming loose, a practical method for use 
in automobile construction must be such that the nut can be re- 
moxed when desired without destroying the nut lock. For ex¬ 
ample, it is possible to lock a nut ^curcly by having the bolt a 
little longer than is needed and by riveting the projecting end after 
the nut is screwed in place. While this insures against lass of the 
nut it is apparent that when the nut is to be removed, it'is first 
necessary to chisel or file off the riveted portion of the bolt. 
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A large number of practical locking means for nuts and bolts 
are shown at h’ig. 477. The “Grip nut^' which shown at A is a 
supplementary nut of peculiar form which is put on over the reg¬ 
ular nut. These are blanked out of a bar of steel having an arch 
running through the center and the nut is threaded through this 
arch. When it is screwed in place it is deflected by pressure so a? 
to produce a locking friction upon the thread. When screwed 
down tightly it is impossible for the nut to vibrate off though it 
may be easily removed with a wrench. Another device of. similar 
form which is known as the “Hugtite*’ is shown at H. This looks 
like a thin nut hut instead of having threads there arc two tongues 
extending from either side toward the center, engaging the bolt 
threads. These tongues arejjformed so that when the locking mem¬ 
ber is in place on the bolt its faces are not parallel to the face of 
the nut as one edge touches the top of the nut and the other does 
not. If the big nut tends to loosen from vibration it will bear 
against the locking member and the friction produced between the 
tongues and the bolt threads will prevent the main nut from com¬ 
ing off. 

The castellated nut and cotter pin whicli is shown at C is so 
widely known and used that it requires no description. Lock 
washers have been devised in many forms, typical examples being 
shown at B, I, J and M. These for the most part are made of 
spring steel which must be flattened out when the nut is screwed 
down tightly. Some of these depend merely on spring pressure^ 
though others have barbs or ribs which are intended to dig into the 
nut and prevent it from coming loose. The ribbed washer is put 
in place with the rib uppermost and when the nut is screwed down 
• the rib forces a small part of the metal from the nut into the 
thread and in this way locks the nut securely. The other forms 
such as the “Positive,” “Nutiou l,” and “Hobbs barbed” depend 
upon the principle of one point d.^ging into the nut and the other 
into the m^al the washer seats on. The “Columbia” lock nut is 
a very popular pattern and is virtually a double form. The nut 
proper is split and tapered on the outside and fits into the hex- 
agonfi outer shell which is tapered inside as shown at E. "When 
the nut is screwed down tightly the inside part sliding on the shell 
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Fig. 477.—^Nat Locking Means that Have Been Widely Used. 

draws the threaded portion together and forces the threads of the 
nut into a close contact witli the threads of the holts. One of the 
very good features of this lock nut is that it may be easily removed 
witli a wrench, yet absolutely cannot come loose or harm the thread. 

Another form of lock nut which is shown at K is known as the 
‘‘Absolute” and works on the princii)lc of utilizing tlie locking 
properties of a rolling wedge. There is a recess cut in th’u inner 
surface of the nut in which a locking pin travels, tliis being of 




Nut Ijocldng Mcdm 

such size tliat when tlie init is screwed onto the bolt, tlie angle si(fes 
of the locking pin heads fit into the threads of tiie bolt. The flat 
surfaces of the locking pin travel against the an^le top of the re¬ 
cess of the nut, rotating in its deepest portion. The top of the re¬ 
cess is at such an aiigle that the nut is automatically and contin¬ 
uously locked against any backward motion which serves to wedge 
the pin more tightly in position. It is easy to take tliis^ut off, as 
this can be accomplished by inserting a .small brad or pieceof wire 
into tbo recess to prevent the pin from roiling np into the small 
part of the rccc.sa when the nut is unscrewed. This nut is more 
practical in the largirr .sizes than it is on the small size nuts widely 
ustd ill automohilo construction. 

Another system of locki^ depends upon preventing movement 
of the nut after it has beR screwed into place by a projecting 
tongue bent uj> against the nut. As an example wc have the “ Uni¬ 
versal*’ washer w'hich is shown at F. This lcK»ks considerably like 
a spring wasber but differs in that it has a little tab or tongue that 
the nut rides over as it is screwed into place and when the nut ia 
tight the tongue sticks up and prevents the nut from turning back. 
This washer is made of hardened steel and has projections on its 
under aide to prevent it from turning. Another type of locking de¬ 
vice that is very simple is the “Reliance,” shown at G. This is 
nothing more than a plain washer with a couple of tongues extend¬ 
ing from the outer periphery which arc bent against the nut and 
the piece the nut bears against, in the manner indicated. The 
“Barthiy** shown at h has been used for some lime on rail¬ 
roads. This is nothing more than a plate which slips over the bolt 
like an ordinary wasber and when the nut has been drawn up 
tight there is a little tongue wiiich can be turned up against one 
of the facets of the nut to keep it from turning. The “0. K.” 
•lock nut consists of a spring washer having tlie end formed to fit 
into little depressions formed in the nut and iu a supplementary 
washer which is keyed to the bolt, which is slotted. The corruga¬ 
tions in the bolt head and supplementary washer prevent the nut 
from turning even if it is not screwed down as tightly as is neces- 
sary^ith the regular form of spriug washer. 

A form of loek'w'hicli works somewhat on the principle of the 
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€ast<illated nut and cotter pin is shown at B. In this method the 
bolt is slotted and a piece of strong and ductile wire is placed in 
the slot, the lower end of which is formed into a washer to fit be¬ 
tween the nut and the surface through which the bolt is passed. 
"When the nut is drawn up tight the end of the wire, which lies 
fnto the bolt slot is bent into one of the castcllations of the nut. 
The ^‘Campbell Self-Locking” cotter pin which is .shown at Pig. 
477,^ 0, has been designed to replace the well-known spring cotter. 
This is of such form that it may be ea.sily inserted in a hole and 
when in place it can be locked by hitting the loop or eye ■with a 
hammer which drives the short leg down, springing the bent log 
and forming a very effective lock. This cotter is made of half 
round stock, the same as the ordina||r type, but has an offset eye 
and the two limbs forming the body of the pin are of unequal 
length. The pin may be easily removed when desired by inserting 
a screw driver blade in the flattened eye and pulling the straight 
leg out of contact with the bent leg which makes it possible to with¬ 
draw the pin. A method of locking a nut which is sometimes used 
is shown at P. In this a bent plate liaviiig a hexagonal hole to fit 
the nut is held tightly at the other end by a screw threaded into 
the piece the nut re^ns or some other fixed part. This is seldom 
used as it is more bulky and cumbersome than many of the simpler 
lock washers described. 

Shop Uses of Arbor Press and Wheel Fuller. —One of the use¬ 
ful tools and one of the simplest included in the automobile repair 
shop equipment is an arbor press tliat can be adapted to a wid*^ 
variety of work. A form of press, especially devised for automobile 
repair shop work is shown at Fig. 478. This has sufficient height 
so that long pieces may be inserted between the ram and the bed 
while the supports are spaced sufficiently far apart to make it pos¬ 
sible to insert relatively bulky articles. The press* is adjustable as 
the bed plate may be moved up and down on the side rails in order 
to vary the opening between the movable member th^t exerts the 
power and the work holding portion. The press is also suited for a 
variety of macliine shop operations. The view at A shows the 
manner of forcing a driving gear off of the shaft of a roK. As 
will be noted the bed is placed down near tl'ie base which makes 
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possible the introduction of the long roller. Tlie gear to be forced 
off is supported by two iron bars which rest on substantial wooden 
blocks carried at either side of the i*oll. The pressuj*e is exerted 
against the end of the shaft, lliis forcing llie shaft from the gear. 
The use of the press in strniglileiiiiig a hoiil rear axle liousing it 
shown at B and on front axle work is sliown at 1). At C the opera- 



rig. 478._of Arbor Press in Automobile Repair Shop. 


lion of jircssing in a bearing cup in a wheel hub is clearly shown. 
The manner in which relatively small parbs may be handled is 
clearly outlined at E where a gear is being forced off of the arma¬ 
ture shaft oi a starting motor and at P where the constant mesh 
gear is being removed from the countershaft of a gear set. ■ 

Tb^ wheel puller is also a very useful appliance, special forms 
suited for repair shop work ar^ shown at Pig. 479. The type 
shown at A is a t'svo armed puller having two sets of arms, the lower 
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I Fig. 479.—How to Use Wheel and Gear Fullers. 

^ set being attached to the upper arm as indicated. T^is makes it 
^ possible' to handle work of relatively small diameter that is beyond 
® reach of one set of arms as shown at B or on work of large dihrneter 
^ that wonld be beyond the oapacSty or spread of the beam when 
•used as at A. In this case a piece of wood is being used as a spreader 
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for tlio arrijs. It Is idativcly easy to move work near tlie cud of 
the shaft, tliis involvinjr tlie use of only one set of arms as shown 
at C. The use of tin? three armed judh-v, which is a superior form 
for general service to that shown at (', inasmuch as it is not apt to 
ro(‘lj: over to one side or the other when the pressure is applied isT 
shown at D. , 

To Make Wood Acid Proof. —Some storage batteries are car- 
ri(*d in wood(‘u haltery boxes on cars and annoy tla' owners by 
leaking or slopping of the acid. To make the wood acid proof take 
six parts of wood tar ;uul 12 j)arfs resin, and melt them together 
in aij iron kettle, after which stir in eight parts of finely ]>owdcre(l 
l)rick dust. The surface to he covered must be thoroughly cleaned 
and dried before [lainling wi^the warm ])reparation. 

Sharpening Piles. —I^ay dull and worn files iu a solution of sul¬ 
phuric acid, consisting of one part acid and two of water. Let 
them stand over night, thou rinse iu clear water. Put the acid in 
an earthenware vessel. To resliarpcn old files wash them in warm 
water to remove the grease and dirt, then rinse in warm Avater and 
dry by heat. Put V/z pints of warm water in a ^ooden vessel, put 
iu the files, add 3 oz. of blue vitriol, finely powdered, and 3 oz. of 
borax. Mix well and turn the files so that every one may come in 
contact with the mixture. Add oz. sulphuric acid and Yz oz. 
of vinegar. Remove the files after a short time, dry, rub with olive 
oil, wTap in porous paper. Coarse files should be kept in the mix- 
tnro for a longer time than the fine ones. 

The Cheap Blackening of Brass. —The following solution for 
blackening brass is nothing new; in fact it has bcin known for a 
long time. Owing to its clieapness, ease in working and adapta¬ 
bility for many purposes, it has been deemed advisable to bring 
' it again to notice. Many platers of course will recognize it as an 
old .solution known to the plating industry for many years, but they 
may not have realized its advantages for some classes of work. The 
solution is made as follows: 


"Wa^. 1 gallon 

Su^r of lead .. 8 ounces 

osulphite of soda .8 ounces 
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The solution is used as hot as possible and the brass %vork is 
simply dipped ir it and allowed to rcniain until black. This takes 
about a minute or less. The articles are .then rinsed in cold water, 
then in hot water and dried. If the pieces are scratch-brushed 
dry, the black deposit will have a high luster. When dipped into 
the solution, the surface of the brass article becomes yellow, thou 
blue and* finally black. The articles should always be lacquered 
as the black deposit is likely to oxidize and fade if not; but if 
coated with lacquer, it seems to be quite permanent. For a clfeap 
class of goods that require a black finish, this solution can fre¬ 
quently be used to a good advantage. It requires no electric cur¬ 
rent used as a dip. The color, to be sure, is not a coal black, but 
resembles a graphite black move tj^i anything else and has a 
slight gray shade. It is sufficiently black, however, to answer many 
purposes and it is so easily applied that it can be used on cheap 
goods with only a slight increase in cost. 

Heat-Proof Paint. —To make a good cylinder exhaust pipe 
paint, use two parts of black oxide of manganese, Ibrco parts of 
graphite and nine parts of Fuller’s eartli, lliorouglily mixed, to 
which add a compound of 10 quarts of sodium silicate, one part 
of glucose and four’parls of water, until it is of such consistency 
that it may be applied with a brush. 

Etching. —To etch iron or steel mix one-half ounce of nitric 
and one ounce muriatic acid. Shake well, and it is ready for use. 
Cover the place to be clclicd with melted beeswax and when cold 
write tJic inscription plainly in the wax clear to the metal with a 
sharp instniineni; then apply the mixture with a feather, care¬ 
fully filling each letter. Let remain from one to ten minutes; 
then throw on water, which stoi)S the etching process, and remove 
the wax. * 

Use of Tools. —Never use a tap in a cored or rough hole. Run 
a heavy flat drill through to take out scale, sand or projections. 
Use plenty of good lard oil in cutting threads with die. Many 
times a die tap is ruined the first time it is used, because there 
was no oil put on the work. Never use taps in any metal without 
using plenty of good oil. The tap will gauld in any metal and 
tear the threads off unless well oiled. Never draw a monkey wrench 
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backward from tlie jaws. Always pull toward the jaws, otherwise 
the bar may be bent. Never use a reamer on pipe of any kind. 
The scale inside of the pipe, caused by the flux used in welding 
or brazing, is as hard as glass and no reamer made is hard enough 
to cut it. 

Drilling Holes in Glass.—Holes of any desired size may be* 
dj illed in glass by the following method: Take a small lihree-cor- 
ncrod file and grind the ])oinfs from one corner on the bias freftn the 
otlior and set it in u brace, sucli as employed in boring wood, etc. 
Lay the glass in which the holes arc to be bored on a smooth sur¬ 
face covered with a blanket or .some other similar material, and 
begin to bore the liole. When a slight impression is made on the 
glass, place a disc of putty ^■ound it and fill Avith turpentine to 
prevent heating by friction. Continue boring the hole, but do not 
press too Jiard on the brace when drilling. 

Making a Magnet of a File.—Small nuts or washers or other 
small i)arts, M'hich have fallen into the crankcase may often be re¬ 
moved without the necessity of dismantling the engine by means 
of a magiK't. By taking about a doz(*n turns of one strand of the 
cold to which a lighted electric lamp is altaohod around a file 
it Avill be magnetized quite strongly enough for all practical 
purptxses. 

Peculiar Case of Knocking.—The car was a popular four-cylin¬ 
der model about a year old. It Avas brought to the shop for a thor- 
ougli overhauling, and for taking up all the hearings. Wlien the job 
was complete and the engine operated, a vor}' severe knock de¬ 
veloped that sounded exactly like a loose; bearing. After consider¬ 
able experimenting, it Avas found that one of the pistons touched 
a shoulder in the top of the cylindep, this was because tbe packing 
fttween the cylinder and crankcase had been reduced in thickness 
a* trifle. A thicker packing cured the trouble. 

Rust on Tools and Work.—Vaseline, to which has been added 
a small amovyit of powdered gum camphor, heated over a slow fire, 
will prevent rust on tools. A mixture of one pound of lard, one 
ounce of gum camphor and a little lampblack melted together will 
proteol^right work from rust. Other formulce are: A mixture of 
lard and kerosene in equal parts, a mixture of tallow and white 
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*load, and of tallow aiid lime. Smear the parts to bo protected Mith^ 
any one of these mixtures. 

Screw Cutting Gears. —JIultiply the number of threads cut by 
equal gears, a.s indicated' on tlie index, by tlie number that will give 
for a product a gear on the index. Place this gear on the spiiuUe 

9 

"or stud. Multijdy the number of threads i)er inch to be cut by the 
same numlHT ujkI put the resulting gear on the screw. Thus, if a 
lathi cuts four threads by mpial gears and 13 threads per inch arc 
wanted then multiply hy five, showing that to cut 13 threads per 
inch would require a gear of 20 teeth on the spindle or stud and a 
gear of 05 on the lead screw. 

Treating Polished Iron or Steel. —Wash iHilished iron or steel 
that has become gray and lusterlcss, with a stiff brush and ammonia 
soapsuds. Kinse well and dry hy I^at if i)assihle. Then apply a 
plentiful supply of sweet oil and dust thickly with powdered (piiek- 
lime, Jjct the lime stay on two days, after which it should bo 
' cleaned off willi a si iff Imusli. Polish with a softer brush and rub 
with cloths until the luster comes out. By leaving the lime on, iron 
and steel may be kept from rust aluiost indefinitely. 

Speed of Grindstones. —To grind machinist’s tools stones should 
have a speed of about 800 feet a minute at perijdiery, a 30 inch 
stone running about 100 revolutions a minute. In grinding car- 
pent{*r’s tools a speed of 600 fet‘t a minute at periphery should be 
maintained, a 30 inch stone running 75 revolutions a minute. 

Clet^iing Bfass Castings. —Brass castings that are greasy may 
be cleaned by boiling in lye or potash. The first pickle is composed 
of on,e quart of nitric acid, and six to eight quarts of water. After 
washing in dear warm or hot water the easting should be immersed 
in the second pickle, composed of one quart of sulphuric acid, two 
quarts of nitric acid and a few drops of muriatic acid. ^ 

Laying Out Work. —Use blue vitriol and water on the surface 
of. steel or iron in laying out work. This will give a nice copper¬ 
plate surface, so that all lines will show plainly. A little oil of 
vitriol will eat off oily surfaces and leave them nicely coppered. 

Pipe Joint Cement. —Mis 10 parts of iron filings and three 
parts of.chlonde of lime to a paste by means of water. J*pply to 
the joint and clamp. It will be solid in 12 hours. 
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Ilmis and Kinks 

Drilling .—Use kerosene lo drill, ream nr fnrn malleable iron, 
or to drill or turn alunihinni. Turpentine should be used instead 
of oil for drilling hard steel, as it vill cause drilling readily when 
the metal Ciinnot be toiichod willi oil. By using a combination of 
turpcmt-iiu} and camphor, glass may be drilled with a common drill. 
When the point of tlic drill conies through the hole should *be 
worked with the eiul of a three-cornered file, having edges ground 
sharp. Use the corners of the file to scrape rather than as iPreamer. 
Creat onro must be taken not to crack the glass or flake off pieces 
of it while finisbiiig. The mixtnre slundd be used freely, both while 
drilling and scraping. Tt may be uswd as well to drill hard cast 
ifoii and teiiiperc<l steel. 

Body Polish.—much veeomniendcd body polish is made by 
mixing the following Ingredients: 


Turj)entiiie .1 gallon 

Paraffine Oil .I pint 

Oil of Citronella.3J4 ounces 

Oil of eVdar.l !< ounces 


.Another scheme is to use a mixture of boiled yusecd oil and 
turpentine, apjdying it sparingly and rubbing absolutely dry. The^^ 
use of these jxilishes will restore even an old ear to a degree of 
brightness that wdll please the owner. Floor wax is also used, as 
is furniture polish. < 

Care of Tops.—ilohair tops should be frequently dusted and* 
brushed off. Pantasotc tops and curtains are best cleaned with a 
soft brush dipped in water to which a little ammonia has been 
added. Afterw'ards rub dry. Never attempt to clean top and cur-^^ 
tains with gasoline or kerosene. Do not fold the top until it hasi' 
become thoroughly dry, because any moisture remaining in the' 
folds is apt to cause mildew, besides making the top leaky and un¬ 
sightly with spots. When a car is not used for some time, it is 
best to open the top, which keeps it well stretched and smooth. 

Care of Leather Upholstery.— Do not use gasoline in cleaning 
Icayi^r upholstery. Plain w-ater with a little ammonia will remove 
tlie dirt and a brisk rubbing with a clean woolen or flannel cloth 
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will do thfi rest. For still more careful treatment use a regular 
leather dressing. . 

Care of Cloth Upholstery. —Do not use an aci<l solution in 
cleaning clotli upholstery. 

, (’loth is not alTecterl by ciimatic conditions and withstands both 
heal, and cold, and having i»o oil in its make-up, does not pick up 
or hold dust readily. To remove ordinary dost, beat cushions and 
bncKs* lightly witli stick or carpet beater, then remove dust with 
whisk-broom or brusli. (Irease or oil may be removed by the appli¬ 
cation of a solution of hike warm water and Ivory soap applied 
witli a woolen cloth. Any of the approved methoils for cleaning 
woolen cloth may be used with sucer38s on this iipholsttjry. Gaso¬ 
line and benzine have u tendency to spw*ad instead of removing the 
dirt. Their use is not reconiuiended for this reason, although they 
work no injury to the fabric. 



CITAPTER XXV 


USEFUL TABLES FOR THE MECHANIC. 

Mathe^natical Tables 

Table of Inch Decimal Ecjuivalfnts—Millimoter Deohual Hiqulvalcnts— 
Motric ConverHum Tables—General Formula: in Mensuration—iTiagonals 
of licvagoris amt Squares— V, S. Measures un-l Weqjlits—Trigonometri¬ 
cal Fovuiube—Cireumfereneos niul Areas of (Jircles. 

Mechanical Tables 

• 

S. A, E. Screw Staiulnr«l-iSt«*iu(larcl Hexagon Bolts and Nuts—Macbine 
Screw Tal)!o—l^liueusions—Pipe Tlireads—S. A. E. Carburetor Fittings 
— Slanclar<is for Win* Gauge's—Calculating Length of Chain—Table, of 
Allowances for Grimling—Sizes of Drills to Di.e for Hand Taps- -Twist 
Drill Gauge Sizes SjH-ed of Drills—Figuring Emery Wheel >Spee'ls — 
Pulley Sizes—Lathe tleuring for Cutting Tlireads—Allowcnees for Fits. 

Miscellancovs Tables 

Time Per Mile Expressed in Miles Per Hour—Comparative Scale, Fahrenheit 
anri Centigrade Thermometers—Horsepower Chart—Compri'Fsion Press¬ 
ure—Approximate Horsepow'cr of Four-Cycle Engines—Two-Cycle En¬ 
gines—Indicated Horsepower—Weights of Metals—Weight of Steel 
Bars—Weight of Castings to That of Wood Patterns—Table o*f Gra¬ 
dients—Calculating Grade Percentages—Chart for Determining Speed 
of Car. 

Those etigngod in mechanical work cannot fail to appreciate tlie 
tables which follow, selected with care and with special reference 
to automobile repairing, imchine work and allie** industries. These 
have been compiled from standard authorities on mechanics, stand¬ 
ards, metallurgy, automobile construction and design, mathematics,' 
et cetera, and tlicrofore can be divided into three general classes.! 
Those dealing wdth arithmetic are in one group, those having to do 
with machine work arc in another group, while the remainder deal 
w’ith miscejlaiieous subjects, ft is believed that the tabulation can 
be of value in many ways to the motorist as well as to the mechanic. 
Wliilft this data is available to all who can consult different standard 
woife, it is believed that compilation in condensed form, as w’ell as 
a r8arraiig(‘incnt in some eases to simplify the matter, will make it 
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of real service to the laymen as well as the more expert machinist 
and repairman. Because of the number of authorities consulted and 
the many works from wliich the tables have been made, it is not 
l) 08 gible to give individual acknowledgment, especially as many of 
the tabulations have long been public property and have been gen¬ 
erally^ used by WTiters on mechauical subjects. 

Table of Decimal Equivalents 


Sths 

H=.i25 

K=.250 

M*.375 

M=-'>00 

^=.625 

750 

J4=.875 

ICths 
A-.0625 
tV = .1875 
A^.3125 
i^,-.4375 
T'ff=.5625 
ii=.6875 
II-.8125 
H*-9375 

32ds 
.03125 
3^-.09375 
15025 


3?,-.21875 
28125 
11 - .34375 
11= .40625 
15 = ,46875 
ii = .63125 
H = . 59375 
H = .65625‘ 
IH-71875 
It” 78125 
11 = .84375 
ft =.90625 
|i=.96875 

64ths 
= . 015625 
*=.046875 
*=.078126 

* = .109375 

* =.140625 
11 = .171875 
11 =.203125 
H = .234375 
11 = ,265625 


=296875 
gi = .328125 
1-3 = . 359375 
It =.390625 
i}=. 421875 
11^.453125 
11 =.484375 
11=.515625 
H=. 546875 
H = . 578125 
1}=.609375 
11 =-040625 
II =.671875 
11 =.703125 
1} = . 734375 
11 =.765625 
11 = .796875 
H- .828125 
It = .859375 
11 = .890625 
II = .921875 
SI =.953125 
11 = .984375 
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Table of Decimal Equivalents of Millimeters and ^ 

Fractions of Millimeters 


Mm. Inches 

Mm. Inches 

• 

1 Mm. Inches 

sV--00079 

«5 = .02047 

2= .07874 ' 

00157 

H =-02126 ■ 

3= -.11811 

1 

= . 00236 

02205 

4= .15748 

5^0 = .00315 

^s = .02283 

5= .19685 ' 

s'o = .00394 

-02362 

6= .23622 

A =.00-172 

iij = .02441 

7= .275.59 

• j'jj ■= ,00551 

3 a = .02520 

8= .31496 

7iV = . 00630 

33 = .0259S 

9= .35433 

t;''o = .00709 

02677 

10= .39370 

00787 

IS = .02750 

11= .43307 

^i = . 00866 

1-, = .02835 

12= .47244 

= . 00945 

U = .02913 

13= .51181 

II 

o 

o 

?, 5 = .02992 

14= .55118 

H=.01102 

^S = . 03071 

15= .59055 

i3 = .01181 

as = .(0150 

16= .62992 

i5 = .01260 

IJ = .03228 

17= .66929 

iJ = . 01339 

^J=. 03307 

18= .70866 

i5= 01417 

18 = .03386 

19= .74803 

-01496 

H =.03465 

20= .78740 

^J*.0i575 

45 = .03543 

21= .82677 

= .01654 

4S = . 03622 

22= .86614 

-01732 

48 = .03701 

23= .90551 

K= 01811 

45= 03780 

24= .94488 

§a-.01890 

48 = .03858 

25= .08425 

?* = .01969 

c 

1= 03937 

26 = 1.02362 

10 mm. = 1 Cemimctcr =» 0.3937 inches. 

10 cm. = 1 Decimer = 3.937 inches.' 

10 dm. ^ * 1 Meter = 39.37 inches. 

25.4 mm. = 1 HngUsh inch. 
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Metric System and English Equivalents. 

The Metric System is based oa the Meter which was destined to be one 
teo-milliOQih P^rt of the earth's meridian, passing through Dunkirk 

and Pormentera. Cater investigations, however, have shown that the Meter 

exceed;* (jiie tcn-mtlUoath pan by almost one part In 01W. The value of the 

Meier, as authorized by the U- 5. Government is 39.37 inches. The Metric 
system was legalized by the U.S. Government in 18M. 

'Hie three priiicipaf units are the meter, the unit of length, the liter, the 
unit of cupacity, ana the gram, the uuit of weight. Multiples of these are 
obtained by prefixing the Greek words: dvka (10), heklu (LOO), and kilo (1000). 
Divisions ore obtained by prcfijyag the Datia word.s. deci (iSi). centi (tAs). and 
mini {nfsa). Abbreviations of the multiples begin-with a capital letter, and. 
of the divisions with a small letter, as in the following tables ; 

c 

Meaiures of Length 

10 milliiiicters (inm.).. 1 centimeter (cm.).*^.3937 In. 

10 centimelcrs.— 1 decimeter (dm.) 

10 decimeters.1 meter (m.).—3.28083 ft.—.39.37 ins. 

lb meters.— 1 dckameler (Dm.) 

lOdekameters.—' 1 hektometcr (Hm.) 

lOhektometers..1 kilometer (Km.).—0.02137mile 

1 foot..:5048nieter 

1 inch.....,. — 25.4 millimeters 


Measures of Surface (not Land) 

100 square millimeters (nim. 2 ).—. 1 square centimeter (cm.2)—. 0.155 sq. iu. 

lOO square centimeters. > 1 square decimeter (dm. 2) 

100 square decimeters.— 1 square meter(m, 2 ).— 10.764 sq. ft. 

1 siquare yard.— .838 .square meter 

1 .square toot. • .00*20 square meter 

1 square iuch. — 645.2 square millimeters 


Measures of Volume > 


1000cubic millimcters(mm.2) 

10(10 cubic centimeters. 

lOUO cubic decimeters. 

1 cubic yard. 

1 cubic foot. 

1 cubic inch. 


-<•1 cubic centimeter (era.3) ..— 061cu.in. 

—1 cubic decimeter (dm. 3)—I liter—61.023 cu.ins. 
—i cubic meter (m.3)—35.314 cu.ft.—364.2gallons 

— .7645 cubic meter 

— .02832 cubic meter 

— 16.387 cubic crutimetera 


'Measures of Capacity 


10 milliliters (ml.). 

10 centiliters. 

10 deciliters. 

10 liters... 

10 dckcniters. 

10 hektolUer. 

1 gallon (U.S.)... 
1 gallon (British) 


1 centiliter (cl.) 

1 deciliter (ol.) 

1 liter (1.)—l.(^qls.(ir.S.)—ei.0S8ctt.lna. 
1 dekaliter (Ol.) 

I hektoliter (HI.) 

1 kiloliter (Kl.) 

3 7851 iters 
4.513 liters 


Measures of Weight 

10 milligrams (mg.).— I centigram (eg.) 

10 centigrams.•^1 decigram (dg.) 

10 decigrams . — 1 cram (g.).—15.482 grains 

10 grams .— 1 dekagram (Dg.) 

10 dekagraiiis. — 1 hektogram (Hg.) _ 

lOheklogr.'iins.— 1 kilogram (Kg.).—2.2(M0 pound.s 

1000 kilograms.— I ton (T).■-•.0842 ton of pounds 

NoTi?—The gram is the weight of ono ciihic ceiilimcter of pure distilled 
water at a tcinper.’iture of the kilogram is the weight of 1 liter of 

water; the ton is the weight of 1 cubic meler of water. 

1 grain. 0813 gr.im 1 ounce (Avd.).— 28.35 grts^s 

1 pound* • . kiiogiums 1 tou of 2240 pounds—1.016 metric toL-r- 
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General Formulae 


Circumference —'diameter x 3.1416, nearly; more accurately 3.141592 


Approximations 


22 


-3.*143; 


355 

113 


-3.141592; 


1 


3.141592 


- .8183 


Diameter —circumference X .3183. • 

Diameter o£ circle x -88623 1 _ ^ ^ 

Circumference of circle X .28209 J ^ ^ 

Circumference of circle x 1.1284— perimeter of equal square. 

Diameter of circle x .7071 1 inscribed square. 

'Circumference of circle x .22508 J ^ 

Side of square x 1.4142—diameter of circumscribed circle. 

“ X 4.4428 —circum. “ ” ** 

** “ X 1.1284 —diameter of equal circle. 

** *' X 3.5449 —circum. “ “ ” 

Perimeter of square x .88623 —circumference of equal circle. 


Areas 

Area of trianjrle — base x % perpendicular height. 

Area of parallelogram—base x perpendicular height. 

Area of trapezoid— half the sum of the parallel sides x perpendic¬ 
ular height. 

Area of circle— diameter squared x .7854 nearly, more accurately 
.7853082. 

Area of circle x .63662 —area of inscribed square. 

Area of circular ring — sum of the two diameters x difference of the 
diameters, and the product x .7854. 

Area of parabola —base x ^ height. 

Arcia 9 f pyramid or cone — circumference or periphery of base x yi 
slant height. 

Area of ellipse —long diameter x short diameter x .7854. 

Surf sees 

Surface of cylinder — area of both ends-h (length x circumference.) 

Surface of sphere —diameter squared x 3.1416, or circumference x 
diameter. 


Solid Contents 

Contents <5f prism, right or oblique — area of base x perpendicular 
height. 

Contents of cylinder —area of end x perpendicular height.*- 
C^il tents of sphere —diameter cubed x .5236, or surface x i diam^. 
Contents of pyramid or cone — area of base x ^ perpendicular h*g*^. 
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Diagonals of Hexagons and Squares 


Across 

Plats 

Across Corners | 

Across 

Flits 

Across Corners | 

Across 

Flits 

1 Across Corners 

liFN-B 

mSSM 

Squares 

Hexa¬ 

gon 

Squares 

llTjQB 

Squares 

A 

.072 

.088 

IH 

1.687 

1.944 

BS 

3.103 


% 

.144 

.177 

lA* 

1.659 

2.032 

m^m 

3.175 

3.889 

A 

.216 

■265 

iK 

1.732 

2.121 

Bn 

3.247 

8.979 

a 

.288 

.353 

lA 

1.804 

2.209 

2K 

3.319 

4.065 

• A 


, .441 

IK 

1.876 

2.298 

2H 

3 391 

4.154 

% 

.432 


m 

1.948 

2.386 

3 

S.4G4 

4.242 

A 

.505 

.618 

IK 


2.470 

8A 

3.536 

4.331 


.677 

707 

lU : 


2.563 

3V< 

3.608 

4.419 

A 

649 

.795 

IK 

2.165 

2.651 

3A 

3.680 

4 507 

H 

.721 

.883 

lU 

2.237 

2.740 

3K 

3.752 

4.695 

U 

.793 

.972 

2 

2.309 

2.828 

3A 

3.824 

4.684 

H 

.866 


2A 

2.381 

2.916 

3K 

3.897 

4.772 

H 

.938 

1.149 

2H 

2.4G3 

3.006 

3K 

4 041 

4.94^ 

% 

1 010 

1.2.37 

2A 

2.625 

3.093 

3H 

4.185 

5.126 

11 



2H 

2.698 

3.182 

3K 

4.330 

5.303 

1 

1.155 

1.414 

2A 

2.670 

3.270 

3K 

4.474 

6.489 

lA 


\mw^ 

2K 

2.742 

3.368 

4 

4.618 

6.665 

IH 

1.299 

1.591 

2A 

2.814 

3.447 


4.763 

6.833 

lA 

1.371 

1.679 

2% 

2.886 

3.536 


4 904 

6.010 

IK 

1.443 

1.767 

2A 

2.958 

3.623 


6.051 

6.187 

1A 

1.51$ 

1.856 

2K 

3.031 

3.712 

KSI 

6.196 

€.363 


Diagonnl of hexagon equals 1.I6S times distance across flats. 
l>iogonal of square equals 1.414 times dlstaucc across flats. 


AREAS OF SMALL aRCLES UP TO ONE INCH 


DiA. 

0 

\mm 

La 

.3 

.4 

1 -g 

1 

1 .-7 

A 

1 •» 


AREAS 

msM 

1.0 


.0314 

.0706 

.1258 

.1963 

.2827 


.6020 

.6362 

.01 



.03404 

.0755 

.132 



.3969 

.6153 


.02 

njtijB 

P'llrl 

.038 

■CTiTB 

.1385 

.2124 

.3014 

.4071 

.6281 

.6648 

.03 


.0133 

.0415 


.1462 


.3117 

.4185 

.6411 

.0793 

.04 


.0164 

.0452 


.1520 

Is'i'.lM 

.3217 

14301 

.6542 

.604 

-.05. 


.0177 

.0401 

.0962 

.1590 

.2376 

.3318 

.4418 

.6674 

.7088 

.00 

222® 

.0201 

.05.31 

.1018 

.1662 

.2163 

.3421 

.4536 

BlA!TiTS 

.7238 

.or 

522^® 

.0227 

.0572 

.1075 

.1736 

.2662 

.3528 

.4657 

.6945 

.739 

Twk^H 

.0255 

.0610 

.1134 

.181 

.2642 

.3632 

.4778 

VTiTTm 

.754.7 

-.09 S 

.90638 

.0283 


.1195 

.1886 

.2734 

.3739 

.4902 

.6221 

.7698 


Across the top are the diameters of circles, and at the left are placed the 
increments ipereasing by 01 of an inch. Thus the area of a circle .S6 of an 
'inch in diameter, .2376 of a square inch, viill be found under .5 and oppositt .05. 
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CIRCUMFERENCES AND AREAS OF aRCLES 

From 1 inch lo 2$ inchM incluaiv* $ 


Diam. 

Circun. 

Ana 

Diam. 

CllOIIB. 

Araa 

Diam. 

CkKum. 

An. , 

1 

rn 

3.1 

.78.'M 

4 


12.506 

12.560 

8 


25.133 

50.265 

T^a 

3.3379 

.8866 

1 


12.76:1 

12.962 

{ 


25.525 

51.849 

i 

3 r>:)43 

.9010 

1 


12.9.')0 

i;i 364 

i 


25.918 

53.646 

1 

9 

3 7oM 

1-.1075 

1 

1 

0 

13 155 

n.772 

} 

26.311 

55.088 

: 


3.9970 

1.2272 



13 352 

14.186 

4 

20.70-1 i 

56.745 

1 

i. 

4 12:« 

1.3.V30 


13.548 

14.607 

1 


27.090 

58.426 

1 


4 31«7 

1.4840 

i 

1.3.744 

15 011 

I 


27.4.S9 

80.132 

1 

's 

4 r>ll}0 

1.0230 


13 941 

15 166 

i 


27.882 

01 .*862 



4.7124 

1.7071 * 

4 

11.137 

15 901 




. 


'i 

4.0037 

1 9175 

.| 

4 

«• 

1 L3:u 

16 349 

0 


28 274 

63.017 



5 1051 

2 0730 



11.530 

10.800 

4 

S 8 . 6 O 7 

65.397 


t 

5 3014 

2.230-5 


1 

b 

11.726 

17.2-57 



20 OGO 

67.201 


; 

1073 

2 40.v; 


■ 

1 1 . 92:1 

17 728 

i 


29.452 

69.029 



5 G941 

2..5802 



15 no 

IS 190 

J 


29 845 

70.882 



5 8905 

2.7012 



15.315 

IS.005 

1 

30 238 

72.760 


1 

G.0SG8 

2.94s:i 


s 

r« 

15.512 

19.147 

i 

30.631 

74.662 









I 

31.023 

76.689 

2 


6 28.32 

3 i4tr> 

5 


15.70.8 

19.63.5 






r» 4795 

:i 3410 


1 

15 90-1 

20.12*1 

10 


31.416 

78.540 

1 

. 1 

0 0759 

3 5406 

i 


16.101 

20.029 

i 

31 809 

80.516 

i-’s 

6.8722 

3 75S3 

1 

t 

h 

16.207 

21 135 



32 201 

82.616 

i 

7 OOSfi 

3 0701 


16.403 

21.648 

i 

32.594 

84.541 

1 

V 

7 2049 

4 2000 


16.000 

22.166 

1 : 


32 087 

88.500 

1 

i 

7.4013 

4 4301 

i 

16 R86 

22 601 

i 

33 379 

88.664 


V 

7.6570 

4.0064 


\ 

17.082 

23.221 


33.772 

90.763 

, 

, 

7.85-10 

4 OOS7 


1 

17 279 

23.758 

2 

34.165 

92 886 



8 0501 

5 1573 

9 

A 

17.475 

24 301 







8.2407 

5.4110 

1 

17.671 

24.850 

11 


34.558 

95 033 


\ 

8.4430 

5 6727 

j 

1 

•» 

17.808 

25.406 



34 950 

97.205 



8.6394 

5.9396 


1 

18 004 

25 967 



35.343 

09.402 


i 

8 8357 

6.2126 


1 

H 

18.261 

26 535 



35.736 

101.62 

• 


0 0321 

0.4918 

J i 

18 457 

27.109 



36.128 

103 87 


f 

0.2284 

* 0.7771 

\ Kl 

18.65:1 

27.688 



36.521 

106.14 











36.914 

108.43 

3 


0.4248 

7.0CS6 

6 


18.850 

28.274 



37.306 

110.75 

1 


9 0211 

7 3002 

■ 


19.242 

29.465 






1 

0 8175 

7 6609 

• 


19 635 

30.680 

12 


37 699 

113.10 


f. 

10.014 

7.9798 

1 


20 028 

31.919 

13 


40 841 

133.73 

■ 

t 

10.210 

8.2958 



20 420 

33.183 

14 


43 982 

153.94 



10.407 

8.6170 

• 


20.813 

34 472 

15 


47.124 

176.71 


1 

10.603 

8.9462 



21.206 

35.785 

16 


50 265 

201.06 


Pt 

10 799 

9 2806 

1 


21.508 

37.122 

17 


53 407 

226.08 

. 


10.006 

9 6211 





18 


56.549 

254.47 


\ 

11.192 

9.0678 

7 


21.901 

38 485 

19 


59 690 

283.53 



11.388 

10 321 



22.384 

39.871 

20 


62 832 

314.16 


1 

11 585 

10.680 



22.776 

41 282 

21 


65 073 

346.36 



11.781 

11 015 



23.160 

42.71S 

22 


60.115 

380 13 


I 

11 977 

11.416 

■ 


23.562 

44.197 

23 


72.2.57 

415.48 


9 

12.174 

11.793 



23.955 

45 604 

24 


75.398 

452.30 

• 

i 

12 370 

12.177 



24.347 

47.173 

25 


78.540 

490.87 


0 



J 


24.7-10 

48 707 
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Trigonometrical Formulee, Etc. 



1 

a 

I 

I 

j. 


Geometrioftl Solution 
ol Ri^ht-An^led Triangli 


c — V'a* + t^ ■■ , 
b — a- 


sin. A. — 
tan. A. « 
see. A.« 


a ^ opposite side 
c hypotenuse 

a opposite side 
b adjacent side 

c hypotenus e 

b . adjacent side 


cos. A. 

cot. A-. 
cosec. A. I 


b adj.icc nt side 
c liypotenuse 

b adjacent side 
a opposite side 
C hypotenuse 

a opposite side 



General Equivalents 

The illustration shows the dif> 
fereht trigonometrical expres- 
sions in termi of the angle A. 

In tlie following Jormuls the 
radius ^1. 


V0< 

Complement of an angle* Its difference from dO**. 
Supplement of an angle — its difference from 180^. 


cos. 


S'"- - - lot:" 

sif^ 1. 

ciw. - - «"• * ■'ot- - ish; 

Sec. - v/Tad:J+tTnT _ 
sin. _ 1 

Tan. “ 

Versin.* rad.—cos. 

Rad. — tan, x cot. —i/sin.* 4 ^os.* 
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Cosec "• -TT 


sin. 


dDS. 1 
sin. tan. 

Coversin. — rad.^sin. 



U. S. Measures and Weights 


DRV MBASURB.—U. S. 


2 pints 1 quart. 8 quarts 1 peck. 4 packs <•-1 bushel. 

The standard IT. S; bushel is fn cylinder lortn, 18 m inches diameter and 8 

inches deep, and contains :jl00.‘i2 cubic inches. 

A Struck bushel 2130.42 cubic inches, or 1.2145 cubic feet. 

A heaped bushel » struck oushels. 


SHIPPING MEA5URe. 

100 cubic feet l register ion. 

, (1 U. S. shipping ton. 

40 cubic feet^ 31.16 Imperial bushels. 

132.143 U. S. bushels. 

(1 British shipping too. 
42 cubic feet-< 82.710 Imperial bushels. 

(33.75 U. S. bushels. 


MEASURES OP WEIGHT.—Avoirdupois or Commercial Weight. 
■ 16 drachms, or 4>‘17.5 grains 1 ounce, oz. 

IB ounces, or 7,000 grains » 1 pound, lb. 

28 pounds ^ 1 quarter, qr. 

4 qusrtcrs -^,1 hundred-weight, cwt. 112 lbs. 

20 hundred-weight » 1 ton of 2240 pounds, or long ton. 
aoOO pounds » 1 net. or short tons 
220t.o pounds L metric ton. 

1 Slone » 11 pounds. 1 quintal 100 pounds. 


TROY WEIGHT. 

24 grains » 1 pennyweight, dwt. 

20 penny wetgnts 1 ounce, or, » 480 grains.' 

12 ounces » I pound, lb. — 5760 grains. 


APOTHECAR4E3* WEIGHT. 
20 grains ^ 1 scruple. 

3 scruple --a-1 drachm => 60 grains. 
8 drachms --x 1 ounce — 480 grains. 
12 ounces ^ 1 pound 5760 grains. 


CIRCULAR MEASURE. 

60 seconds " =s 1 minute 
GO minutes * I degree 

00 degrees «= 1 quadnint. 

860 degrees -> 1 circumference. 


TIME. 

60 seconds X minute. 

60 minutes » 1 hour. 

24 hours 1 day. 

7 days = 1 week. 

365 days, 5 hours, 48 minutes, 48 seconds 1 year. 


BOARD MEASURE. 

The number of feet, board measure (B. M.)» length in feet ac breadth la 
feet X thicknesa in Inches. 


1 U. S. galldB»8.88 pounds. 1 cubic toot of water at S0.t^Fs:62.12S lbs. 
1 English gallonslO pounds. 1 cubic inch of water at SO.l^F—.036 lbs. 
1 cut^.foot of ice—57.2 pounds. 1 pound of water—27.72 cubte Inches. 

^ 1 ton of waterssSS.OO cubic feet. 
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U. S. Measures and Weights 

Continued • 


LONQ MBA3URB*—Measures of 


12 inches as 1 foot, 
o feet, or 36 inches 1 yard. 

!il4 yards, or I6y6 feet ~~ 1 lod, pole, or perch. 

40 rcMs, or 220 yards .-.s 1 fitrlnne. 

8 furlonf^s, or 320 rods, or 1,760 yards or 5,280 feet --1 mile. 
3 miles <= I league. 


Additional Measures of Length. 

1,000 mils n 1 inch. 4 inches 1 hand. 0 inches 1 span. , 
2yi feet - 1 military pace. 2 yards - 1 fathoiu. 


5QUARB MBASURB.—Measures of Surface. 

<144 square inches, or 183.85 circular inches -« 1 sciuare fool. 

0 sqiuire feet :=■ I square yard. 

80)4 square yards, or 272)4 square feet - • I square rod, pole, or perch. 

100 square rods -• 1 acre. 

610 acres -- 1 square mile 

An acre equals n square whose side is 20B.71 feet. 

A circular inch is the area of a circle 1 inch tn diameter — 0.785.388 sq. inctaes. 
1 square inch 1.2782 circular inches. 

A circular mil is the area of a circle I mil or .001 in diameter. The mil la 
used in electrical calculations. 


SOLID OR CUBIC MEASURES.—Measures of Volume. 

1728 cubic inches ^ 1 cutiic foot. 

27 cubic feet — 1 cubic yard. 

1 cord of wood ■=- a pile, 4 x4x8 feet - 128 cubic feet. 

1 perch of masonry ^ 16)4 x 1 )4 a 1 foot 24)4 cubic feet.. 


231 cubic inches. 

277.274 cubic inches.' 


LIQUID MEASURE. 

4 gills -c= 1 pint. 

2 pints 1 quart. 

4 quarts « 1 gallon { 

31)4 gallons » 1 barrel. 

42 gallons » l tierce. 

2 barrels or 63 gallons » 1 hogshead. 

SI gallons or 2 ticroes » 1 puncheon. 

2 ht^shead or 126 gallons -« 1 pipe or butt. 

2 pipes or 3 punchdon.s i tun. 

7 U. S. gallons => 1 cubic foot. 

1 British Imperial gallon = 1.20032 U. S. gallons. 


APOTHBCARIBS* FLUID MEASURE. 


tnims 1 fluid drachm. 

8 orachms, or 437)4 grains, or 1,782 cubic inches 


I fluid ounce. 


V/stcr Is at Its greatest density at S9.2**F. 

Sea water is 1.0 to 1.9 heavier than fresh water. ** 

1 cubic inch of water makes approximately 1 cubic foot of steam at 
atmospheric pressure. ^ 

27223 cubic feet of steam at atmospheric pressure weighs 1 pound.. 

% 
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S. A. E. Screw Standard 
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Calculations of 

Pulley Diameters and Revolutions 

The Driving Pulley being called the Driver, and the Driven Pulley the Driven. 


Diameter of Driver 

Diameter of Driven 

f 

Revotutiona of Driver • • 
Rcvolationa of Driven ~ 


Dia meter of Driven x Revolutionaof Driven 
Revolutions of Driver 

Diameter of Driver x Revo lu tions of Driver 
Revolutions of JC^ven 
Diameter of Driven x Re volution s of Driven 
Diaraeier of Driver . 

Di ame ter of Driver z Revolutions of Driver 
Diameter of Driven 


1005 











































































































BtOil tUT U«M JI007ZU 


^lAiil- 

f 



ai 

■ 



53 



i§il§ii§iiiii§l§§i§i 



1 

g 

[ 

k 


H . 

¥ 

iilliliiliillilliili 

§ 

u 


LLIll 

l“*l 

ri 

-5 *5 **ac»* 

►? » r. ^ n 


ii 

»^=P S,a »s5 S^ J 3 S. 

!fc * 5 = S ® S 3 S 

<r 

> 

a 

»s5«-s*«a!*«jgx:* 



r 

E*^ 

M b 

Ck 


5 ^ 

ii « X * * 2 5 S 

^ * X ^ 55 ^ ^ ' 



V 





169ft 

































KACaiKB BCRBir TABLE. 


Screw Gauge 
Size. 

« 

Di&meter In 
Decimaln. 

Approximate 

Diameter. 

No. Ttaiends 
perInch. 

Slse of 
Tap Drill. 

• 

2 

.0842 

A 

A 


56 

49 

« 

3 

.0973 



48 



4 

.1105 


H 

A 

30 

• 48 


6 

.1230 



36 

3» 


6 

.1308 

A 



82 

35 • 


7 




A 

38 

30 


3 

.1031 

U' 

A 


38 

29 


« 

,1783 



30 

.« 


10 

l1894 



A 

84 

85 


11 



it 

24 

21 


IS 

:si68 

A 


24 

17 


• 13 

.2289 



a 

22 

15 


14 

.2421 


H 


80 

13 


15 

.2552 

H 


20 

8 


10 

.9084 


a 


6 


17 

.8818 


A 

18 

2 


18 

.2947 

U 



18 

1 


19 

.3079 



A 

18 

C 


20 

^3^10 


11 

16 

0 


2S 

.3474 

a 


10 

J 


9* 

.:1737 


H 

16 

N 


20 

.4000 


it 

16 

P 



.4263 

u 


14 

R 


S) 

.4586 


» 

14 

V 



WEIGHTS OF HETAIS 



Lbs. 

per Cu. Ft. 

Lbs. 

per Cu. In. 

Aluminum, cast. 

IfiQ 

0926 

Brass, cast. .... 

506.3 

.393 

Brass, sheet. 

528 

3056 

Babbitt metal. 

440.6 

.255 

Bronze, aluminum. 

471 2 

2727 

Bronze, phosphor... 

575.S 

3332 

Copper wire... 

.5.55. t 

3212 

Cast iron. 

450. 

2604 

Wrought iron, bars. 

4S6.8 

.3817 

Steel, Besscmei. . 

400.7 

.264 

Lead, cast. 

709.5 

4106 

Nickel... . 

54S 7 

3175 

Tm. 

458.3 

.2653 


436. S 



■ mtmmw 
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Wrought Iron Welded .Pipe and Pigi^Threads, 

Bri^s* Stiodard 



o 

I 


A~Outsidc diameter of perfect 
thread or actual outside diameter 
of pipe. • 

B—Inside diameter of pipe. 

C--Root diameter of thread*at 
end. * 

D—Outside diameter of thread 
at end. 

E—Lenglli of perfect tliread =' 
P(4.8-f0.8A) 

F--*Total length of thread orj 
length of taper at top. 

N—Number of threads per incli.'j 

V —Pitch of thread—^ 

Taper of thread, per foot or? 
I in 32 to axis of pipe. 


Diam. of Tube in Ins. 

Nomi- 

nol 

WeiRlil 
per ft. 
llm. 

Inter¬ 
nal 
Area 
sq.ins 

Pipe Thiead Dimensions 

Size 

of 

Tap 

Drill 

Nomi¬ 

nal 

Inside 

Actual 

Inside 

B 

Actual 

Outside 

A 

D 

D 

HI 

H 

N 

H 

0.270 

0.406 

.24 

.057 

.334 

.393 

.19 

.41 

27 

11 

‘A 

' 0.364 

0 640 

.42 

.104 

.433 

Tgi: 

.29 

.62 

18 


% 

1 0.494 

0.675 

.55 

.192 

.667 

.666 

.30 

.63 

18 


y. 


0.840 

.83 

.305 

.702 

.816 

. .39 

.82 

14 

n 



1.060 

1.11 

.633 

.911 


.40 

.83 

14 

It 

1 


1.315 

1.66 

.863 

1 144 


■61 


11^ 

lA 

Uf 

1.380 

BITicl 

2.24 

1.496 

1.488 

nRfi 

54 


m 

ni 

lA 

1.610 

1.900 

2.67 

2.038 

1.727 

1.866 

.65 


m 

lit 

2 

2.067 

2.375 

3.60 

3.355 

mi 

2.339 

.68 

i.;o 

llM 

in 


2 46S 

2.875 

6.73 


HSl 

2.818 

.89 

1 64 

8 

2it 

S 

3.067 


7.53 


3.243 

3.443 

.95 

1.70 

8 

m 

3A 

3.648 


9.00 


3.736 

3.938 

1.00 

1.76 

8 

3lt 

4 

4 026 


10.66 


4.233 

4.443 

1.06 


8 

4A 

4A 

4 508 


12.34 


4.733 




8 

4U 

C 

6.046 

6.563 

14.50 

19.99 

5.289 

6.489 

1.16 


8 


6 

6.^ 


18.7$ 

28.88 

6.347 

6 647 

1.26 


8 

6lt 

7 

7.023 

7.625 

23.27 

38.73 

'RRT^ 


1.3$ 

2 11 

8 

» • • a 

S 

7 982 

8.625 

28.17 


8.332 

8.632 

1.46 

2.21 

8 


9 * 

9.000 


33.70 

63.63 

9.324 

9.524 

1.66 

2 31 

8 

• «• « 

-19 ' 

10.019 

I 10.750 

40.0$ 

78.83 

10.44 

10.64 

1,67 

2 42 

8 

• • • V 
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CAKBTrS.ETSB. FITTIKOS 'flanges 



i* Rod end for carbureters of u 
to 2 inches inclusive 

y~ necocniBeodod bf the Staoderds CommittM aiA~eccepS^ 'bir~thc~8eciety 
«Of AucomoMIe BoKinecrs. June. ItlS. 
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CARBURETER FITTUVOS 

Flared Tube Vnloue 


J-Q—j 




Thread only. 

Thread only. ■ 

Radius.... , . 


An dimensions on this sheet in inch measure 
' JUcoameiided by the Standards Committee i 
>af Automobile Eacmeers. June, IblS. 


and accepted by the Secietr 


1011 






































Pipe Tap Dimensions 

Brig^’Scaadftrd 



Kom. 

Pipe 

Size 

Diam. 
at Size 
Xfinc 

A 

Dist. 
End 
to Size 
I«ine 

B 

Diom. 
at large 
p:nd 

C 

I«en^th 

Thread 

n 

Nom. 

Pipe 

Size 

lliatn. 
at Size 
l«iiic 

A 

Uist. 
End 
to Size 
l«ine 

B 

Diani. 
at large 
Encf 

C 

l«ctipth 

Thread 

D 

% 

IC3 

■1 

0.443 

1 

3 


lA 

RR9 

3K 

K 

isa 

Bi 

0.676 

VA 

3K 

^221113 

IK 

4.126 

3K 

% 

0.675 

H 

0.718 

IH 

4 


l\h 


3H 

H 


H 

0.887 

114 

4J< 


IX 

5.126 

3X 

H 



1.104 

IK 

6 

6.663 

2 

5.687 

4 

1 

1.815 

H ; 

1.366 

IH 

6 

6.625 

2}£ 

6.766 

4% 

IH 


■9 

1.717 

IX 

7 

7.625 

2^ 

7.773 

4K 

IH 



1.963 

2 

8 

8.625 

2K 

8.773 

4K 

2 1 


■■ 

8.463 

2}< 

9 

9.626 

2^ 

9.781 

5 



1 

2.961 

2X 

10 

10.750 

2i4 

10.906 

6 


Whitworth’s Gas and Water Piping 


Diam. of Piping 

Diam. 
at Bot¬ 
tom of 
Thread 

No. of 
Thr'da 
per in. 

' Size 

Dian:. of Piping 

Diam. 
at Bot¬ 
tom of 
Thread 

No. of 
Thr'da 
per in. 

Site 
of Tap 
Drill 

Inter¬ 

nal 

Exter¬ 

nal 

of Tap 
Drill 

Inter¬ 

nal 

, Exter¬ 
nal 

K 

.3826 

.8367 

28 

» 

IX 

2.246 

2.1286 

11 

2A 

K 

.618 

.4506 

19 

it 

2 

2.347 


11 

2I{ 

% 

.6668 

.6889 

19 

II 

2K 

2.467 


11 

211 

K 

.8257 

.7342 

14 


2K 

2.6876 

2.4710 

11 

2li 

K 


.8107 

14 

n 

2K 

2.794 

2.6776 

11 

21} 

U 

1.041 

.9495 

14 

H 

8K 

s.oq;i8 

2.8848 

11 

211 

X 1 

1.189 

1.097S 

14 

IK 

2K 

3.124 


U 

Mi 

1 

1.309 

1.192S 

11 

lA 

2X 

3.247 

8.1S06 1 

u 


IM 

1.498 

1.S755 1 

11 

iH 


3.867 

8.2606 

11 ! 

SA 

IK 

WW^m 


11' 

lA 


3.486 

8.3686 1 

11 

all 

1% 

1.746 

WBSM 

11 

Hi 



3.6820 

u 

8K 

IK 

1.8825 

1.7660 

11 

111 


8.912 

8.7965* 

11 

811 

IK 



11 

i!l 


4.1255 


11 

4a' 

IX 

1 K'Vi’V L^B 

BPWl 

11 

in 


4.339 

iBP!!! 

11' 
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Morse Tapers 



Number of Tapor. 


No.1 

No. 2 

No. 3 

No. 4 

No. 5 

No. 6 



Diameter of Plu^ at Small 
End. 

D 

.3G9 

.572 

1 

1 

.778 

1.02 

1 

1 

1.475 

2.116 

Standard Plug Depth.... 

P 



3tV 

4T<r 

5/r 

7X 

Depth of Hole. 

! H 

2iV 

2H 

3X 

4X 

sx 

7rs 

End of Socket to Kcyway 

K 

2A 

2H 

3i'5 

3H 

4H 

7 

Length *of Keyway. 

L 

.54' 

H 


IX 

IX 

IX 

Width of Key way. 

W 

.213' 

.265 

.330 

.490 

.650 

.780 

Length of Tongue. 

T 

A 


A 

H 

X 

1 

Diameter of Shank at 
Small End. 

d 

.353 

.553 

.753 

.991 

1.440 

2.064 

1 

Thickness of Tongue ... - : 

t 

U 

X 

tV 

u 

H 

X 

Shank Depth. 

S 

2*: 

2H 

3U 

4X 

SH 1 

8X 

Whole Length*of Shank.. 

B 


3* 

m 

S'A 

GH 

8X 

Diameter at End of Socket! 

A 

.475 

.700 

.938 

1 

1.231 

1.748 

2.494 

Taper per Foot. 


.600 

.602 

1 

.602 

.623 

.630 

.626 

Smallest Drill Using Each 
Taper. 


H 



Hi 

2 * 

3iV 

Digest Drill Using Each 
Taper. 


ii 

u 

IX 

1 

2 

3 

6 


Taper of kcysfK" 
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COMPARISON OT GAUGES 


SCREW GAUGE 


UtsDPOK Wood 4b 
Uacrihs Scbswb 
N o. 



ENGLISH STANDARD 
GAUGE 

UuD BOR Iron Rjvbts 



WASHBURN A MOBN 
GAUGE 

USRD TOR WiRB NaILS, 
iROir WiRS AND Escutcr* 
BON PiNB 

No. 





2 



1 
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DIFFERENT STANDARDS FOR WIR]^ GAUGES 

IN USE IN THE UNITED STATES 


Dimeasiotxi of Sites in Deoinuil Perts rf an Inch *' 


lltinil)er of 
VlreGaufc 

Arnerican or 
Brown & 
Sharpe 

1^1 

Washburn & 
Mocn MfgCo. 
WofCfstcr, 
Mass. 

B 

Imperial 
Wire Gauge 

Stubs* 
Steel Wire 

Number of 

Win Gauge 

000000 

00000 

0000 

.46 

.454 

..3938 

• .464 
.432 
.400 

• • * • 


000 

.40964 

.425 

.3625 

••372 

.... 

OQQ 

00 

.3648 

.38 

.3310 

.348 

• • • < 

00 ' 

0 

.32486 

.34 

.3065 

324 


0 

1 

.2893 , 

.3 

.2830 

.300 

.227 

• 1 

2 

.25763 

.284 

.2625 

.270 

.219 

2 

3 

.22942 

.259 

.2437 

.252 

.212 

3 

4 

.20431 

.238 

.2253 

.232 


4 

5 

.18194 

.22 

.2070 

.212 


6 

6 

.16202 

.203 

.1920 

.192 

.201 

6 

7 

.14428 

.18 

.1770 

.176 

.199 

7 

8 

.12849 

.165 

.1620 

.160 

.197 

8 

0 

.11443 

.148 

.1483 

. 144 

.194 

9 

10 

.10189 

.134 

.1350 

.128 

.191 

10 

11 

.090742 

.12 

.1205 

.116 

.188 

11 

12 

.080808 

.1019 

.1055 

.104 

.185 

12 

13 

.071961 

.096 

.0915 

.092 

.182 

13 

14 

.064084 

.083 

.0800 

.080 

.180 

14 

15 

.057068 

,072 

.0720 

.072 

.178 

15 

16 

.05082 

.065 

.0625 

.064 

.175 

16 

17 

.045257 

.058 

.0540 

.056 

.172 

17 

18 

.040303 

.040 

.0475 

.048 

.168 

18 

19 

.03589 

.042 

.0410 

.040 

.164 

19 

20 

.031961 

.035 

.0348 

.036 

.161 

20 

21 

.028462 

.032 

.03176 

.032 

.157 

21 

22 

.025347 

.028 

.0286 

.028 

.155 

22 

23 

.022571 

.025 

.0258 

.024 

.153 

23 

24 

• .0201 

.022 

.0230 

.022 

.151 

24 

25 

.0179 

.02 

.0204 

.020 

.148 

25 

26 

.01594 

.018 

.0181 

.018 

.146 

26 

27 

.014195 

.016 

.0173 

.0164 

.143 

27 

28 

.012641 

.014 

.0162 

.0149 

.139 

28 

29 

.011257 

.013 

.0160 

.0130 

.134 

29 

30 

.010025 

.012 

.0140 

.0124 

.127 

30 

31 

.008928 

.01 

.0132 

.0116 

.120 

31 

32 

.00795 

.009 

.0128 

.0108 

.115 

32 

33 

.00708 

.008 

.0118 

.0100 

.112 

33 

34 

.006304 

.007 

.0104 

.0092 

.110 

84 

35 

.005614 

.005 

.0095 

.0084 

.108 

85 

36 

.^5 

.004453 

.004 

.0090 

.0076 

.106 

36 

37 

• • e • 


.0068 

.103 

37 

38 

.003965 

« • ■ • 

9 • d m 9 

.0060 

.101 

38 

39 < 

.003531 

« « • • 


.0052 

.099 

39 

.40 

.003144 

• • • • 


..0048 

.097 

40 
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DIFFERENT STANDARDS FOR WIRE GAUGES 

. IN USE IN THE imil’ED STATES 


Dimengions <|f Siiew in Decimal Parta of an Inch 


^ttBbar of 

mioGtugi 


Screw Gauee 

Umdon Cause 

U. S. Standard 
for Plate 

Humber of 
WiraOtiise 

■r»T»TiTiTim 




.46875 


00000 




.4375 

■uvfrfiTifl 

0000' 



.454 

.40625 

0000 

,000 



.425 

.375 

000 

f vww 

00 



.380 

.34375 

00 

0 


.0578 

.340 

.3125 

0 

1 


.0710 

.300 

.28125 

1 

2 

.0106 

.0842 

.284 

.265625 

2 

3 

.0114 

.0073 

.259 

.25 

3 

4 

.0122 

.1105 

.238 

.234375 

4 

6 

.0138 

.1236 

.220 

.21875 

5 

6 

.0157 

.1368 

.203 

.203125 

6 

7 

.0177 

.1500 

.180 

.1875 

7 

8 

.0107 

.1631 

.165 

.171875 

8 

9 

.0216 

.1763 

.148 

.15625 

9 

10 

.0236 

.1894 

.134 

.140625 

10 

11 


.2026 

.120 

.125 


12 


.2158 

.109 

.100375 


13 

.0303 

.2289 

.095 

.09375 


14 

.0823 

.2421 

.083 

.078125 


15 

.0342 

.2552 

.072 

.0703125 


16 

.0362 

.2684 

.065 

.0625 


17 

.0382 

.2816 

.058 

.05625 


16 

.04 

.2947 

.049 

.05 


10 

.042 


.040 

.04375 


20 

.044 

.3210 

.035 

.0375 


21 

.046 


.0316 

.034375 

21 

22 

.048 

.3474 


.03125 

22 

23 

.051 


.027 

.028125 

23 

24 

.055 

.3737 

.025 

.025 

24 

25 

.059 


.023 

.021875 

25 

26 

.063 

.4000 

.0205 

.01875 

26 

27 

.067 


.01875 

.0171875 

27 

26 

.071 

.4263 

.0165 

.015625 

28 

20 

.074 


.155 

.0140625 

29 

30 

.078 

.4520 

.01375 

.0125 

30 

31 

.082 


.01225 

.0109375 

31 

32 

.086 


.01125 

.01015625 

32 

83 



.01025 

.009375 

33 

34 



.0095 

.00859375 

34 

35 



.009 

.0078125 

35 

36 



.0075 

.00703105 

36 

37 



.0065 

.006640625 

37 

38 



.00575 

.00625 

38 

30 



.005 


39 

40 



.0045 


40 
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Twist Drill Gauge Sizes 





■ ■■■-va 

No. Drill 

Decimal Sliea 

No. Drill 

• 

Deelmal Blaea 

1 

.2280 

31 

.1200* 

« 

.2210 

82 

.1160 » 

3 

.2130 

33 

.1180 • 

4 

.2090 

34 

.1110 

5 

.2055 

85 

.1100 . 

6 

.2040 

36 

.1065 

7 

.2010 

37 

.1040 

8 

.1090 

38 

.1015 

9 

.1960 

39 

.0995 

10 

.1035 

40 

.0080 

11 

. 1910 

41 


12 

.1890 

42 

.0035 

13 

.1850 

43 

.0800 

14 

.1820 

44 

.0800 

15 

.1800 

45 

.0820 

16 

.1770 

46 

.0810 

17 

.1730 

47 

.0785 

18 

.1695 

48 

.0760 

19 

.1060 

49 

.0730 

20 

.1610 

50 

.0700 

21 

.1500 

51 

.0670 

22 

.1570 

52 

.0635 

23 

.1540 

53 

.0595 

24 

.1520 

54 

.0550 

25 

.1495 

55 

.0520 

26 

.1470 

56 

>0465 

. 27 

.1440 

57 

.0430 

. 28 

.1405 

58 

.0420 

29 

.1860 

59 

.0410 

30 

.1285 

60 

.0400 


Letter Sizes 


A 

.234 

H 

.266 

O 

.316 

u 

.868 

B 

.238 

I 

.272 

P 

.323 

V 

.877 

C 

.242 

J 

.277 

Q 

.332 

w 

.886 

D 

.246 

K 

.281 

R 

.889 

X 

.897 

E 

.250 

L 

.290 

S 

.348 

Y 

.404 

F* 

.257 

M 

.295 

T 

.358 

Z 

.418 

G 

.261 

N 

.302 
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Sizes of Drills to be used with. V Thready 

w ' 

Hand and Nut Taps 


Blf« o( Tap 

sue of DrtU 

Slie of Tap 

sue of Drill 

H'S.90 

A 

JfXfl 

H 

AXIS 

If 

1 X8 

«f 

54X16 

U 

154X7 

e 

if 

A XU 


154X7 

lA 

MX 12 

u 

154X« 

lA 

AX 12 

H 

1MX6 

m 

HXll 

H 

154X5 

IH 

HXII 

A 

154X5 

Uf 

54X10 

n 

1HX4M 

m 

H X10. 

n 

« X4M 

IH 

9 

13 




Formulii for finding proper size of Drills for alt pitches of V 
Threads: 


Example: ^ X 10 Tap. 


1.400-1-10^.140—.750== .610. size of Root Diameter, or size of Drill 
to be used. 

Noted—^For U. S. Standard Threads use same formula except use 1.3 
of pitdi instead 1.4. 
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TABLE or KUBBT WHEEL SPUDS. 




Rer. per Ulnute 

E(>v. per Mioute 

^ - 

,2tev. per Minute 

Dlam. 

'Wbool 

for 

Surface Speed 
of 4,^ 

for 

SurfOM SpOed 
of 6,100 Feet. 

A for 

Surface Speed 

Of 6.000 l^t. 

1 Inch. 

16,270 

■■pillHII 

21.918 

i 

4s 

7.680 


11.469 

J 

ss 

8.0113 


7.030 

4 

64 

a,M0 



5 

44 

3,066 



e 

«6 

2.640 



7 

4l 

2,183 



H 

10 

61 

64 

l.OiO 

1.621 



12 

II 

1.273 


• 1.010 

U 

46 

l.Ud 

1.364 

1M7 

16 

16 

966 

1.194 

1.4» . 

IH 

*• 

649 

l.noi 

1JI8 

30 

41 

764 

953 

1,146 

32 

16 

604 

868 

1.042 

24 

44 

637 

700 

036 

20 

46 

6M 

7Q 

879 

28 

6 

546 

GH3 

819 

JD 

16 

509 

637 

784 

Its 

46 


666 

716 

$i 

16 

449 

661 

674 

an 

46 

424 

Si 

637 

:M 

66 

4«.» 

603 

40 

»• 

388 

478 

678 

43 

44 

364 

465 

648 

44 

s6 

847 

434 

681 

46 

44 

338 

416 

40B 

46 

14 

818 

89T 

477 

50 

li 

3U6 

atci 

450 

«S 

61 

264 

860 

441 

64 

|8 

283 

361 

426 

66 

16 

275 

841 

410 

68 

46 

264 

830 

896 

60 

• 4 

2S5 

319 

888 


THE SPEED or DRILLS. 
ClereiRnd Twist Drill Co. 
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Table of Allowances for Grinding 


Length 

3 ' 

6 ' 

D 

12 * 

15 * 

18 ' 

24 * 

30 * 

36 * 

42 * 

48 * 

• Diacn. 

3 ^ 

.010 

.010 

.010 


.015 

.015 

.015 

.020 

.020 

.020 

.020 

m 

.010 

.010 

.010 

.010 

.015 

• 

.015 

.015 

.020 

.020 

..020 


1 

.010 

.010 

.010 

.015 

.015 

.015 

.015 

.020 

020 

.020 

.020 

IH 

.010 

.010 

.015 

.015 

.015 


.015 

.020 

020 

m 

.020 

IH 

.010 

.015 

.015 

.015 


.015 1 

.020 

m 

020 

.020 

.020 

2 

.015 

.015 

.015 

B 

.015 

.020 

.020 

020 

.020 

.020 

.025 

2 H 

.015 

.015 

015 

.015 

.020 

.020 

.020 

.020 

,020 

.025 

.025 

2H 

.015 

.015 

.015 

.020 

.020 

.020 

B 

020 

.025 

.025 

m 

3 

.015 

.015 

.020 

.020 

.020 

.020 

.020 

.025 

m 

.025 

.025 

3M 

.015 

.020 

.020 

.020 


.020 

.025 

.025 

.025 

.025 

025 

4 

.020 

.020 

.020 

B 

.020 

.025 

.025 

.025 

m 

025 

.030 

4H 

B 

.020 

.020 

.020 

.025 

.025 

.025 

m 

m 

m 

.030 

5 

.()20 

.020 

.020 

.025 

.025 

.025 

^^1 

m 


m 


6 


.020 

.025 

.025 

.025 

.025 

.025 

m 

Qj 

,030 

.030 

7 

.020 

.025 

.025 

.025 

.025 

.025 

.030 

IQ 


.030 

.030 

8 

.025 

.025 

.025 

.025 

.025 

.030 

mo 



030 

.030 

9 

.025 

.025 

.025 

.025 

.030 

.030 

.030 


.030 

.030 

.030 

10 

.025 

.025 

,025 

. 030 . 

.030 

.030 


.030 

.030 

.030 

030 

11 

.025 

.025 

.030 


.030 

.030 

.030 

. a30 

.030 

030 

030 

15 

IQjjl 

.030 

.030 

.030 

.030 

.030 

. 0.30 

.030 

. 03q 

.030 

.030 
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VHGHT m POUNDS OF A LINEAl, FOOT OF ROUNt)/SQUARE 

AND OCTAGON STEEL 


Size 

in 

Inches 

Round 

. Octagon 

Square 

• 

Sice 

1 

tn 

Inches 

Round 

1 


Square 

He 


.011 

■ 9 

2H 

16.79 

17.71 

21 37 

H 


.044 


2M 

18.3! 

19.52 

23.56 

He 


.099 

HB 

2H 

' 20.31 

21.42 

25.86 

K 

.168 

.177 

K9 

2H 

32 20 

23.41 

28.27 

He 

.262 

.277 

IB 

s 

24 17 

25.50 

*30.78 

H 

.378 

.398 

.491 


26.23 

27 66 

33.-^ 

He 

.514 

.542 

.655 


28 37 

29 92 

36.12* 

H 

.671 

.708 

.855 


30.59 

32 27 

38.95 

He 

.850 

.896 

1 082 

3H 

32.90 

34 70 

41.89 

Vb 

1 049 

1.107 

1.336 

3H 

35.29 

37 23 

-44.94 

.'He 

1.270 

1.339 

1 616 

iH 

37 77 

39.84 

48.09 

H 

1 .511 

1.594 

1 .934 


40 33 

42 54 

mBBm 

*He 


1.870 

2.258 

4 

42.97 

45 33 

wgjSM 

H 


2.169 

2.618 

4K 

48.51 

51.17 

maSM 

"He 


2.490 

3.006 


54.39 

57.37 

BIB 

1 

2.686 

2 833 

3 420 


60.60 

63.92 

mstSM 

IH 

3.399 

3.585 

4.328 

5 

67.15 

70.83 

85.50 

iH 

4.197 

4.42.7 

5.344 


.74 03 

78.08 

94 26 


5.078 

5 356 

6.466 

5K- 

81 25 

85 70 

103.45 


6.044 

6.374 

7.695 

5^ 

88.80 

93,67 

113.07 

iVa 

7.093 

7.481 

9 031 

6 

96.69 

101.99 

12.1.12 

iH 

8.226 

8.674 

10.474 

7 

131.61 

J38 82 

167.58 

1J4 

9.443 

9 960 

12 023 

8 

171.90 

181.32 

218.88 

2 

10.744 

11.332 

13.630 

9 

217.57 

229.48 

277.02 

2H 

12.129 

13.793 

15.443 

10 

268 60 

283.31 

342 oa 


13.598 

14 343 

17.314 

11 

325.01 

342.80 

413 82 

2H 

15.151 

15.981 

19.291 

12 

386 79 

407.97 

492.48 


PROPORTIONATE WEIGHT OF CASTINGS TO WEIGHT OF 

WOOD PATTERNS 


A Pattknn' Weipiiinc Onk 
P cvNi). Made op 
fL«*ss Weight of Core Prinl^s) 

Cast 

Iron 

Brass 

Ccijipej 

Bron e 

Bell 

Metal 

Zinc 

Pine or Fir.,... 

■Bi 

m 

BB 

16.3 

17.1 

BB 

,Oak. 

BH 

mSSMM 

MM 

10 i 

10.9 

HM 

Beech..... 

BB 

113 9 

Iwl 

11.3 

11.9 

9,1 

Linden... 

BB 

15.1 

181 

IS 5 

16.3 

12.9 

Pear. 

BB 

11.5 

BB 

11.8 

12 4 

9 8 

Birch. ) . 

BB 

11.9 

881 

12.2 

12.9 

10.2 

Alder.. 

■09 

14.3 

wgM 

14.7 

15.5 

12.2 

Mahogany. 

11.7 

13.2 

BB 

13 5 

it.2 

11.2 

Brass. . 

0.85 

0.95 

B 

0 98 

1.0 

0.81 
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ALLOWANCES FOR FITS IN AUTOMOBILE CONSTRUCTION 


* Fits in nutoniolule construction can be divirlcd into, i 

Force Fit*. \ 

To be used in parts where disnssembimg will hardly be required, and which are 
assembled by rneans of hydraulic or screw presses, or when hot 

^RIVING Fits. 

To be used in parts where close adherence is required, but which must be as em* 
bled and disassembled with no other help tlipn .in ordinary hammer, such .'i.s tty* 
wheels, gear wheels, h.'ilbbcafing inner rai4fs,'ete. 

Pi’s.H Fits. 

S*o be used in parts without'relative motion in atiual work but which frmsi 
have sulhcicnt freedom to be assembled by hand; such as bolts, slip joints, bdll- 
t bearing outer races, etc. 

Running Fits. 

To be used in parts possesst'd of relative' motion in normal running, thc.->c can 
be subdivided into, 

£asy Fiis:^ where great freedom of running Is required with possibility of .>.rant 
lubrication, such as valve guides, control coniicctionti, clutcli shafts, etc 

Clo^e Fus : to be used in all high-speed work and cspcciully the engine and transr 
mission 

Fits ; to be used in parts where great accuracy is required or where, while 
the motion is slight the stresses arc of an alternating or vibratory nature, such 
as connecting rra small ends, steering connections etc : etTicieni lubrication 
must be provided if the motion is frequently recurring 

Fit AUowEftCM 

tn the allowances given in the following the expansion of metals when of diilerent 
nature or exposed to heat m a different degree, such as is the case in some parts of engine 
construction, has not been taken into account. 


Allowance 

Over 

Nominal Diameter 

FOR Force 

Firs 


Nominal diameter . 


. i' 

r 

2- 

y 

Maximum “ . 

1 . • • • 


1 00200 

2 00400 

J 00600 

Minimum “ . . .. . . 

. 

. o.5oo:o 

1 OOlSO 

2 00500 

5 00450 

Allowance Over 

Nominal Diameter roa Driving Pits 


Nominal diameter. 


. 

r 

2" 

y 

Maximum . 

. 

. 0.50050 

1.00100 

1 00l?5 

1 002.50 

Minimum “ . 


. 0.50025 

1 OOU75 

1 00100 

1 OOlSO 

Allowa.vce 

Below \oiiinai. Diameter for Push 

Fits 


Nominal diameter . 


. r 

1' 

2* 

y 

Maximum . ** .. 


. 0.49975 0 

99950 

1.99900 

2 99850 

Minimum . “ “ . 


. 0.49925 0 

.99900 

1 99850 

2.99800 

AllowaIiCB Below 

Nominal Diameter 

EASY FITS 

FOR Running Pits 


Nominal diameter .. 


. V 

1* 

2' 

y 

Maximum " . 


. 0.49900 

0 99R7S 

1 99825 

2.99800 

Minimum “ . . 


. 0.49800 

CLOSE PITS 

0.99725 

1.99650 

2.99575 

Nominal diameter . 


. r 

1' 

2* 

y 

Maximum “ . 


. 0 59925 

0.99900 

1 99375 

2.99850 

Minimum * . 


'> VINB PITS 

0.99800 

1.99750 

2 99700 

Nominal diameter. 


. . 

I' 

2" 

y 

Maximum " ... 


., 0.59950 

0.99925 

1.99925 

2.99900 

Minimum “ . 


. 0.59925 

0.99S7S 

1.99850 

2.99800 


For intermediate dimensions comparison between the size immediately below rtuI that 
inimediately above will give the safe allowances in each case. 
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FORHULA FOR CALCULATING LENGTH OF diioif 

(DUlfOND CHAIN AND UFG. Cf.) 



D « Distance between centers. 

A » Distance between limits of contact. 

R * Pitch radius of large sprocket, 
r •> Pitch radius of small sprocket. 

« No. of teeth on large sprocket. 

N • No. of teeth on small sprocket. 

P * Pitch of chain and sprockets. 

i8o* -t- a SI * Angle of contact—large sprocket. 

i6o* I SI * Angle of oontact^small sprocket. 


» /? “ f 

sc «• Sin Sf 
A ^ D Cos sc 

Total length of chain. 

i8o-»-sse 


Z. « 360 NP 


tSe » s se 

360 hP-^»D Cot St 



Gnglipe Lathe Gearing for Gutting Threads 

Reff r to the screw cutting table and see what number of turns to an inch 
is cut with e^ual gears. This number is the number of turns to an inch that 
we a.ssumc the lead screw^as, no matter what its real number of turns to an 
Inch is. 

Simple Gearing. 

Write the number of tum.s to an inch of the lead screw above a line, and 
the number of turns to ay ifich' of the screw to be thi ended below the line, thus 
-expressing the ratio in the form of a fraction, the lead screw being the numer¬ 
ator and screw to be threaded the denominator.^ Now find an equal fraction 
iif terras that represent nurolXTS of teeth in a\-ailable gears. The nuraerator 
of this new fraction will be tlie spindle or stud gear and the denominator the 
lead screw gear The new fraction is usually found by multiplying the num¬ 
erator and denominatar of the first fraction by the same numter. 


Example— Required to cut a screw having IIH threads per inch. We find 
on the index that 48 to 48cuts 4 threads per inch then 


l*ut the 2>l tooth ^car on the stud and the (21 tooth gear on the lead screw to 
Cut'llj^ thi'eads per inch. 

Any multiplier may be used to obtain gears that are available. 


Compound Gearing. 

Write the number of turns to an inch of the lead screw as the numer.'... 
of a fraction and the turns of the screw to be threaded as Uic denominator. 

lector thi.s fractiOQ into an equal compound fraction. 

Change the terms of this compound fraction either.by multiplying or 
dividing into another equal compound fruction whose tenns represent uum- 
bers of teeth in available gears. 

Then the two terms in the iiumcmtor represent the number of teeth in the 
gears to be used as drivers and those in the denominator the gears to used 
as driven gears. 

Example— Required to cut a screw having 8^ inches lead or ^ turns to an 
inch, l.cad screw is lli iiicliub lead or % turn.s to an inch. 


2 . 4 2x18 2x18 

3 • UT iKi 1x12 

Multiply numerator and ilemoninator by 5. 

^ 1 X (12 X 5) 1 X 60 


Multiply numerator and denominator by 24. 


(24*2) xfi5_ 48x6S 

(24xl)x(i6 24x60 


The 48 tooth and 65 tooth gears will be the drivers and the 24 tooth and 60 
tooth gears the driven. 

Any multiplier may be used to obtain gears that are available. 


HOW TO USE CHART OF GEAR RATIOS, TIRE SIZES AND 
CRANKSHAFT REVOLUTIONS PER MINUTE 

Given the miles per hour, gear ratio, and tire sizes and the 
.revolutions of a crankshaft per minute: For illustration, suppose 
the car is traveling at 80 miles per hour with 34-irch tires and a 
gear ratio of 1.5 to 1. From the figure 80 move right to the inter¬ 
section of the gear ratio line designed as 1.5. From this point move 
up to the diagonal of 34 inches. From this point move right to 
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M/ies reifnovK 
^ S d % d 


’'■■■■■■■a 
'’aBBBBBB 
Ik ^aaBiaa 
IB. :mmmmm 
IBB ^'^BBB 
iBBBBK.^^^^iB 

l■BwN<(;^V^ 

b: 




BB^BBBB 

CBBBBBB 


lumstmmmmmM 


i^BB 
BBPMIB 
BK^BBBV 
^BBBBP^ 


B'lflBBB^ 


BB^BBBRl 

B^BBBPBI 


IBNBBBI 
I'^aBBBB 


2^5-:^^ 

BBaBBBBBBP">SaBaBBPSiiB'SM^^>^'^/:BBB 
BBBBPPSSiiflBBBBPSPBPSPPa^^^BBBB 
PPSaPBBBBBBPSBBBPaBPaPa^^^JBBBB 
ummmmummmzummmnitmwzmKS^wdmmumm 
BBBBBPSPfllBBiCaBBCBPaP^Stl^^BBBBBB 
BaPSPBBBBPSBBBC<iB^BKPa^':^BBBBBBB 

'^^BBBBBBBBC 

vNC^VCC'BBCaaBBP^BBPaBPtfRP'^RBBBBBBBBBB 

Bk>>^VC-JBBBBB2jiBB«BBP;BRB’ 

BBiNiV^C^CBBISBBBPaBB^B^a^PBaBBBBBBBBflB 
V»VC^^:^BaB<5BBPk(B2a>:iPJBBBBaBBBBBBB 
k\>\W-»«i:B'BPaBBRBB^B^PMBBBBBBBaBBaa 

Bk>:;vVi?^i^jaaB2apaB>&B^BBir 

_^?a\vi^).'*^k2%paBP^a^a^BaBaBBBBBaaBaaa 

aiC&BBBV»?.i.i:ii.'«^!^^PBa^B’^BBBBaBBBBBBBBaBB 
Vk^A.'l^4i.^KP...5Bi&BnpBBBBBBBBBaaBBBBa 
Bc^»r«B:i.''<^Br4BRfli 

BP.:«BB'»4a^»iB»'^aaBBBBBaBaaBaBBBaBB 
p;«KVL’KB'^:«^'ai^aBBBBBBBiaaai 
2aBB>i4L^^»:<k:»:4KB^BBBBBBBiBBai 

aBBP:iBiPaaLl^4A^k'B^k:Bk?BBBBBBBBBBBBBBBB 
pafla*^%ar«^k?BaKah:aBaBBBBBBaBBBBB 
BBB^Bk'VBaa^BB^BhZaBBBBBBBBaBBBB 
BB^aa^klini.'Baw^BattaBBBBBBBBBBaBBB 
B>^Ba^Ba!lv^i^Kanh:ah^akaBBBBBBBBBBB 
^BB^BBBBBB^l^B.ak^BKaBlBBBBBBBBBB 
BBKBBBBBL^^ai^BBtfflKaa^BBBaaaBBB 
■KaBBBBBBA^Ka.lBa^aBBB^^^BBBBBBB 
raBBBBBBBaa:ik''aak:B^BB<ni.^:<BaBBBB 
JBBBBBBBBBVBBklBB^B^PrB44B;Si7BBBBB 
aBBBflBBBBBBiL'^BB.'lBBC«Pr^aK^'^i5<aaBBB 
BBBBBaBBBBaa.'ii:«BicrkX3C'rB'«p^2iii 

IB V a \ aj B a B i: a 
lBB^w';f>:$xa\^a^4aBBBB 
IBBBr?:c\aV?'Ba 

BBBBBBaaBaBBBBBBk^XaVVk'^db^aaaBBB 
BBBBBaBBBBBBBBBBBPVV^^Ji.'^BCBBaBB 

' h;?'i.Nj.^B.lBk''lk'BB 
BBBBBBBBBBBBBBBBBak'J.'iaaa:^B:iBB« 

_iBBaBaaBflaBBBBBBBBflB.iBaBaBaa:iBB 

BBBBBaBBBBBaBBBBBBBBBBBBBaaBaBBBBBaB 

ik^i 


javou/no/fs mMmuTB or motor 


• the margin where the revolutions of the crankshaft speed per min¬ 
ute ore shown; 1,200 in this case. Given the crankshaft revolutions 
per minute, the tire diameters and miles per hour, find the gear 
ratio. Su^iposing the motor is turning over at 1,000 revolutions ’ 
per nij^nite, that 42-inch tires are nsed, and the car is traveling at ^ 
50 miles per hour. Go left from the 1,000 on the right margin until 
the intersection of .the 42-inch tire-size line. From this point go*' 
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to the interSPCtiOll of the BO-milc-per-honr horizontal line. The 
intersection of tvs line also cuts the gear ratio of 2.7 line, which is 
the gear ratio employed. 

Given crankshaft revoliftions per minute, size of tires and gear 
ratio, in order to find miles per liour, proceed as follows: Go left 
from crankshaft speed—say* 1,000 revolutions per minute—to tire 
size—say 28-inch. From this point go up or down to intersection 
of geaj ratio line—say 1,5. Then go left to 55 miles per hour. Tf 
we lAvo given crankshaft speed in revolutions per minute, miles 
per hour and gear ratio, the tire sizes may he oiitaincd by going 
left from crankshaft speed to Iho inlcrsectioii of the gear ratio line 
and thence up or down to the miles per hour, wJiicU point will mark 
the intersection of the required tire diameter. 


COMPARATIVE SCALE—Fahrcnhat & Centicrttle Thermometen 





TEMPERATURE CONVERSION FACTORS 



aii4«CNM 
... l00 4itrMk 
.. Mligmi 


SiCnM PafemMl a 
D tr — c iirn* 
tMglMt KauMt t 
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time per hii*e expressed n* miles^pbr houA 



ERGLISH.AND METRIC SPEED EQUrVALEWTS 

To obtoin velocity in feet per eecond multiply the speed In miles per 

«inut-0.«T 

™tSJS?*£Snd.S4.9 ft. per mlnuU-0.62i 

mi. pef*hmir. 
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OSiaiKWabF7lCUB.-CYUNDQ2. CMiS«r&Aaia> ON ALAM.^miC^ 

r0RWVaAmcaonmtOt)C»>L.3Tl^ ANDOlANKaMWT SPEEP 


PIfiCCTIOrO imuaiNG^ MOS2 £POIA/E^ chac: 

aELCCrSTPjaKE ATLErTCPIXI>>VIS.CHALTAND 

QC>UWTTO&PKl>IAiXiNhl«TtIEKUPOK I ^ 



.VEP.TICAL UHC TOPIAGONM. COBfiXS* 
foWNQTOBOBX.THEN1UGOTO&. 

LETTTOMfcftaiNANBlllAD I_ 

UOBAEPOWEA.. ill / 


wmkWMnwm, 

'^BaBRapi 

gRBKail 



iHBmniiniiaaafiiRRRfifnRRi 

IPIIMWR^ 



I-.—— ‘iiiBMBamHKagii^psaa 

HnHi 


SR 

maK 



niiBkiRk ^ K ^ RRBanaaKar ' 
HiaKaioaKgak^BaaaBaKaKi 

iBB^HBBBHBBBHBHBBBBBB 
I^BBBHBBBilBBBnBaBIS 

■KBBBBBBS 


too aoo 300 400 SCO 600 700 600 900 100011001200 t:bCO 140015CO«001700 IfOOloOOZOOO 

PISTON SPEED IN nXT pm. MINUTE 
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AFFROXmATE HORSEPOWER OF FOVR-CVOiB AUTOROS^ SHGINES* 
Table of* Coiutanta for Variable Speeda and Str6kR 


Revolutions pee Minute op Motoe 


Stroke 
in Inn 

500 

550 

600 

650 

700 

750 

8eo 

850 

90a 

■ 

r.ooe 

M 

ttM 

M 

ttii 

i-.iSo 

j.aoo 

s.eo. 

0.89 

.096 

.107 

.116 

.124 

<34 

.14a 

*53 

.x6i 

.169 

.178 

.187 

.196 

.205 

d *4 

a.ss. 

.roe 

.110 

.120 

.230 

.140 

. 15 * 

.ide 

•< 7 * 

.x8i 

.190 

.300 

. 3 X 0 

.230 

.231 

.2SB 

».So. 

.Its 

.125 

<33 

?«45 

.156 

.167 

.176 

.189 

.901 

.212 

.223 

•»33 

•» 4 S 

•»57 

.268 

■•75 . 

.IS 3 

•*35 

.146 

.159 

.172 

.184 

.196 

.208 

.221 

.233 

•» 4 'S 

.256 

270 

.282 

.295 

3.00. 

>34 

*47 

.x6o 

*74 

.187 

.201 

-214 

.227 

.241 

•254 

.267 

.279 

• 294 

.308 

.322 

3*5 . 

•> 4 S 

•158 

*73 

.188 

•203 

.2x9 

.233 

.246 

.i6x 

.27c 

.289 

•303 

• 3*9 

•333 

•349 

3.50:. . 

.156 

*73 

.186 

.203 

.218 

*34 

.250 

.265 

.281 

.296 

.31a 

.336 

•343 

•359 

•375 

3-75 . 

.167 

.184 

.200 

.aif 

•»34 

.252 

.26C 

.284 

•30* 

• 3*7 

•334 

•349 

.368 

•385 

•401 

4 OOi • . » . 

.ti8 

iq6 

. 9 T A 


.940 

.268 

.284 

.709 

.121 

.itn 

.156 

.tTt 

.102 

.411 

.420 

4 >5 

« a ^ w 

.189 

ey V 

.208 

• « a ^ 

.227 

• w 

.248 

.264 

.285 

.303 

.322 

•341 

.360 

-378 

* J r J 

.396 

.416 

•438 

.458 

4 50. 

.200 

.220 

.240 

.j6i 

.280 

.30s 

.321 

•341 

.36* 

381 

.400 

.419 

.44* 

.481 

.485 

4 75 . 

.2X2 

■•33 

•053 

•S 73 

•» 9 S 

• 3 *^ 

•339 

.360 

.381 

.402 

4»3 

•443 

.466 

.486 

•509 

5-00 . 

•a >3 

•*45 

.286 

.390 

3 ** 

•335 

•357 

•379 

.401 

4*3 

445 

.480 

.491 

.51a 

.538 

s»s. 

*34 

•» 5 : 

.279 

•304 

• 3*7 

•851 

•375 

,398 

.421 

•444 

.467 

•490 

• 5*5 

•538 

•583 

550 . 

•45 

.270 

.293 

.3*8 

-343 

.368 

•393 

• 4*7 

• 44 * 

,46s 

.489 

•dt 3 

• 540 

.584 

•590 

.S- 7 S. 

.S58 

.282 

.307 

.333 

-369 

•385 

.410 

•436 

461 

.486 

.512 

•538 

.564 

■589 

.616 

4.00 . 

.288 

■294 

.320 

.348 

•375 

.402 

.428 

•455 

• 48 * 

.508 

535 

•559 

•589 

. 6 X 5 

.643 


Bore 
in. Ina. 

Square 

ot 

Bore 

i.eo 

S.eo 

•’•S' 

5.06 

a.so 

6.15 

••75 

7 - 5 S 

3.00 

9.00 

3^*5 

ie.56 

3-So 

12.25 

> 3*75 

I4.es 

4 . 0 O 

i6.ee 

4 .S 5 

18.os 

4 -S« 

10.20 

4-75 

• 1-55 

S.eo 

iS*oo 

S-*S , 

27.50 

S-SO 

30.So 

‘ 5 - 7 $ 

33-OS 

,6.00 

36.00 


Rule:—Multiply number to right of boro by number in 
upper table at inteisectioa, of proper R.P.M. and stroke 
c^umnE. 

Bmamplet'^Find approximate horeepower developed by 
motor having 4 . 15 * boro and 5 * stroke at 8qo revolutions 
per minute. 

Under 4.35 bota we find i 8 .oj. 

At-intereection of 5 ' atroke line end 8 ee R.PJC. column 
In upper table we And .^$ 7 . 

The oroduct of these numbers gives the 'horsepower, 
thus: 

ApprozUnate' nofsepower-*a 8 .esX. 8 S 7 ">6 45 H.P. 

These figures have been computed for the evermge M.E.P.^ 
as found in the ordinary motor car engine, but of eouree 
will vary with increaae or decrease in compression and with 
different m^h»n 8 g^i efflciencks. 

^ *P<w- rtMlU-srtlaJw s a f ta w. wyhlpiy bjp snmbsr pt syHiEtSTa. Abeva 
(onsius si*es H.P. for oely om sjrlnUar. 


























































Two<jcl« BRgian 


D « Diamettf of eylinrler in inches. L Stroke of piston in inches. R ~ Revcn 
tutions per miauu of crank shaft, n Number of cylinders. 


Ai'tiiority roK ^oatiVLx 

, Factors Used 

1 

Constant or Divisor 

Roberts. Gas. 

XP X X- X P X » 

14000 

Roberts. Gasoline. ' 

, X)* X L X P X » 

13 s*'-' 

American Power Boat Asso- 

Ciatirgi.* 

D* X » 

1 65 

—— “ 2 .1008 

7S34 

^ame for less than 6 finches 
stroke. 

D* X X. X « 

12 X .85 

- -*12 .987 

X 7SS4 


*The above are for automobile racing boat engines; for others the rating is taken 
as two-thirds of the above formulas. For engines having a displacer cylindei or 
cylinders-the above rating is increased in the ratio that the displacer piston's displace¬ 
ment hears to that of the working cylinders. 


INDICATED HORSEPOWER 


On account of the great difficulty Of Securing good Indicator card? at the high«piston 
and rotative speeds of automobile motors this is very little employed. The manograph 
which is employed for obtaining cards or diagrams from high-speed motors, as a general 
thing does not have an equal pressure scale and therefore does not readily lend itself 
to the accurate determination of I. II. P. 

The indicated H. P. may of course be determined approximately by assuming a 
certain mechanical efficiency for the motor under consideration. This varies from 
as high as 90 per cent, in some cases to lower than 70 per cent, in others; the average 
would probably be not far from 80 per cent. 

The fomflila for I. H. P., the. bore and stroke being known as well as the R. P. U. 
and the mean effective pressure, is, 

IP X t X /?. P. AX. X « X AX. E. P. - /. H. P. (for 4-cycie)- 

33.009- X IS X a 


•7054 

D* X I. X n X AX. E. P. X R. 

This constant equals sso.eoe and the formula becomes 

SSO.ooe. 

The constant (or a-oycle is s 7 S^eeo. 

A formula which is given by Grover (or the mean effective pressure, the compression 
being known, is as follows: 

AX. E. P. - aC - o .ot C» 

C — Compression pressure above atmosphere in pounds per square inch. 

This formula does not hold good for compression pressures over 100 pounds per 
square inch above atmosphere. Comparatively recent data seems to prove the reliability, 
of thit formula, also the fact, which Grover points out, that under'favorable con¬ 
ditions, the values given by this formula may be slightly exceeded. Tests with higher 
jAessures than too pounds show that the M. E. P. tends to remain at leo pounds per 
square inch. 

The coT^ression pressure may be obtained by some form of gai^, the ignition 
for that cylinder being cut off, or in case the volume of the explosion cnhmber is known 
it may be obtained from the formula. 

Rk';* w Constant. P being the absolute pressure. 

V being taken in the one case as the volume of the combustion chamber and in the 
other as uie above plus the piston displacement. P being in one case atmrspheric 

f ireesure and in the other the absolute compression pressure. Of course for C in Grover's 
ormula the assumed atmospheric pressure should be subtracted from the result ob> 
tained by this fbnnuU. 


1030 


















COMPRESSIOIV PRESSURE Wif H DlPFERBHT 

cylhider cleararces 


Cylinder 
Clearancep 
in Per Cent, 
of Piston 
Dis¬ 
place¬ 
ment 

Mechanical 

Cox^ression 

Ratio 

j 

Compression PressurOp 
Poun^ per Square 'Inch 
Ateolute 

1 • 

Low 

Medium 

High 

20 

. 6. 

100 

130 

154 

21 

5.76 

95 

125 

145 

22 

5.55 

91 

120 

138 

23 

5.35 

87 

115 

132 

24 

5.17 

83 

110 

126 

25 

5. 

80 

105 

121 

26 

4.85 

77 

101 

116 

27 

4.70 

74 

97 

111 

28 

4.57 


94 

107 

29 

4.45 

69 

90 

103 

30. 

4.33 

67 

87 

99 

31 

4.23 

65 

84 

96 

. 32 

4.125 

63 

ati 

93 

33 

4.03 

61^ 

79 

91 

34 

3.94 j 

60 

77 

88 

35 

3.86 

58 

75 

85 

36 

3.78 

564 

73 

83 

37 

3.70 

55 

71 

81 

38 

3.-63 

54 

69 

79 

39 

3.56 

53 

67i 

77 

40 

3.5 

52 

66 

75 


Computed by Cecil P. Poole. 
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JI£ASUR£BENI OF GRADES 



HXUSTRATHIG METHOD OF CALCUIATINO GRADE PERCEHTAGES 

If it be Assumed that the base of the triangle represents a line i.ooo feet 
long and ^at the first sloping line represents a road having a rise that brings 
it 50 feet above the starting point, this is figured as 50 feet in a thousand, 
or 5 per cent. In other words, one foot of rise for every 20 feet, but the 
latter instance does not mean distance actually traveled by a car in ascending 
such a slope, but distance measured horizontally with reference to that 
slope. The gra'de is measured by the tangent of the angle of inclination 
tfnd not by its sine, so that a grade which represents xoo per cent, corre¬ 
sponds to an angle of inclination of but 45 degrees, and not 90 degrees, or 
perpendicular, as is commonly supposed. At the upper «^d of the next 
sloping line the elevation would amount to 66 | feet, which is equivalent to a 
rise of one foot for every 6 } feet traveled horizontally. So one in three corre¬ 
sponds to a 33 1-3 per cent, grade, one in two to a 50 per cent, grade, and so 
on until a xoo per cent, grade is reached, which, as noted, is the equivalent of 
a 45 degree angle. 
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TABLE OF GRADIEFTTS 




GRADG 


» 

Equal to 

Rile or FaU 
ia One Mile, 

Per Cent 

Units 

Angle of 

• 

Feet 

20 

I in 

5 

11® 

1/ 

• 

1056 ^ 

*? 

m 

6 

9* 

36' 

880 I 

14 

I 

7 

8“ 

co' 

754 

\2 5 


8 

7* 

e8' 

635 

1) 

t - 

9 

6® 

*7' 

5S6 

tc 

•• 

>0 

5* 

43' 

5a8 

i; 

1 " 

11 

5" 

ii' 

480 

b 

(« 

1 a 

4* 

46' 

440 

• 7-7; 

M 


4® 

a 4' 

406 

7 

» * 

14 

4® 

05' 

337 

6 i 


»5 

3® 

49' 

35* 

6.*5 

«• 

i6‘ 

3® 

35' 

330 

6 

«4 

»7 

3® 

33' 

310 

5-5 

M 

i8 

3® 

11' 

*93 

S 

M 

1 

19 

3® 

00' 

*77 

S 

1 ” 

30 

a® 

Sa' 

ae4 

4 

H 

»5 

a® 

x8' 

918 

3 3 

M 

30 

I® 

55' 

«55 

1 8 

■ 

35 

i" 

38' 

151 

» 5 


40 

1 ® 

36' 

V3» 
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Anti-freezing Subatauees Combined With Water.938 

Apparatus for Battery Charging.459 

Arbor Press Forms.86 

Areas of Small CiTcles.1000 

Arrang^pient of Shop Lights.20 
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Chases Lubrication.•. 

Chassis J^arts, Kaulls in . 

fllmssiM, rieaauTc Car. 

('Iiassis, Taking Down.» . . , . 

Chassis, Trucks. 

Chastiifl Types, Modern. 

Cljoap Brass Ulackencr. 

Chemicals, J’aiuts, etc., for Repair Shops. 

f'iiispl Set . . , . 

Chisels. List of Sizes Needed. 

(.'irciitt Hreaker, ])eleo. 

Circulating Pump 1’roubles. 

Cireuniferenec and Aren of Circles. 

Clamps for Bench Lso. 

Clamps for Kiibhcr Hose. 

Cleaning Rail Bearings . . 

Cleaning Brass Castings. 

Cleaning Out Nozzle. 

Clutch Rearing, Seized. 

Clutch Leather, Making Pattern for. 

Clutch Release, Overland. 

Clutch Releasing Mechanism. 

Clutch Hpiimiug. 
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Live Axlo Bepairs.^.782 

Luckcra nud Washroom.35 

Loose Flywheel, Repairing’. ^ . P .328 
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Low Tension Ignition, Troubles in. 502 
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Lubricating Oils, Requirements of. .4 . 437 | 
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Lubrication, Doleo Motor Generator.603 
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Machine Screw Table.1007 
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Machinery, Drilling.82 
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Ma^erinis /or Tire llojoiira . .•.857 
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Meehuuieul Motor Starter.562 
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Medicine Chest for Shop.934 

Medium-Size.Repair Shop, Floor Plans.. . 32 

Melting J^oints of Metals.922 

Melting Pot.161 

Mercury Arc Rectifier.461 

Mercury Arc Becti6er, Action of.463 

Mercury Arc Rectifier, Wiring of.462 

Metal Float, Soldering a. 403 

Method of Curing Smoky Motor.434 
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Micrometer Calipers.147 

Micrometer, How to Read.149 

Miscellaneous Shop Equipment .93 

Miscellaneous Supplies for Repair Shop.183 

Miscellaneous Tool List. 179 

Mixture Changes at High Altitudes.403 

Mixture Defoets, Air Leaks.■ . 375 
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, Motor Car Ambulance ... *.53 

■ Motor Clutch, Delco.603 

Motor Control Levers.721 

Motor Generator, Delco.508 

Motor Starting System, Two Unit.573 

Motor Starting Systems, Electric,.#.569 

Motor Starting. Systems, Mechanical.562 

Motor Starting Sysfoms, Pneumatic .564 
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Oilicc Ef|iJipment. 

Oil Circulatiirjx .System. 

Oil Feed llegiilation by Tiling Troughs 

Oil Filter, tSiinplc. 

Oil I’linip Fftrms. 

Oil Vmnps, Oofir. 

Oil Rumps, Plunger. 

Oil System, Itistrihuting I'liinp 

Oil Sysietiis, All Loss. 

Oil Bysteina, Circulating. 

Oiling Hystom, Cadillac. 

Oiling Systems, Classified. 

Oiling Systein.s, Force Feed .... 

One Unit System. 

Operating Welding Outfits .... 
Outer Casing Repairs. Simple 
Ovcrhauliug Gasoline Engine .... 
Overheating Troubles. Location of . 
Overheating, TJnusunl Cause of . . . 

Overland—Auto-Lite System .... 
Overland Bovel Gears, .Adjusting . 
Overlainf Flywheel Marking .... 
Overlaud—Gray and JJuvis System . 

Overland Oiling System. 

Overland Pump Cooling System . . . 

Ovcrlaud-Schebler Carburetor .... 
Overland Thermo Syphon Cooling 

Overland Valve Timing. 

Overrunning Clutch,^elco .... 
Overruuniug Clutches ...... 


4M 
430 
43G 
418 
420 
418 
418 
414 
414 
430 
412 
427 
572 
S94 
1^.69 
.M85 
333 
440 
021 
764 ; 
297 
635 ' 

t 


*> •> • 

382 
334 
298 
001 ■ 
5sr. • 


■ 

P 

• 

Pack llurdening Steel. 

Packings for Cylinder Heads . 

Parts of Battery System .... 
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Tattorn for Cluleh Leather, IIow to Make . . . 

Pipe aud T 4 ibu)g,*BeD(liug. 

Pipe Joint Ceineul.. 

Pipe Tup Diinensinus . , •.• . , 

Piston Ring . 

‘Piston Ring, Manipulation of. 

Piston Rings, Fitting. 

Piston kings. Replacing. 

Pie'on Troubles. 

Pit Construction. 

]Miloss Turn Table.. . 

Pitz, Sizes of . 

Planers and Sbapers. 

J'lanotary Gear Troubles. 

Planetary Ocarsct Repairs. 

Planetary Transmission, Ford. 

Plate and Disc Ciutclies. 

Pliers, List of Sizes Needed. 

Pneumatic Motor Starter. 

Pneumatic Tire Construction. 

Polarity of Plates, Signs of. 

Portable Cranes. 

Power for the Shop. 

Power Hacksaw. 

Power Needed for Machinery. 

Preeautions in Reassembling Motor Parts . . . 

Preheating, Method of.. . 

Preheating, Why Necessary. 

Primer, Prest-o-Lito. 

Proportioned Repair Stocks. 

Pump Forms and Troubles. 

Pumps, Centrifugal . 

Pumps, Circulating Water. 

Pumps, C<*ar .... 

Punctures, Repairing with Plugj>. 

Pntting-On Tool. 

• 
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913 

992 

1012 

257 

2fil 

203 

264 

254 

47 

49 

47 

80 

674 

671 

672 
662 
178 
564 
832 
458 

55 

64 

85 

71 

322 

897 

897 

568 

858 

342 

342 

342 

342 

883 

964 


Quick. Action Lifting Jacks 
Quick Dctachalde Rims 


58 

836 









































Index 


B 

Badiator Repairs.• 

RacUutor Scaling Coin}>ouniTs. 

Itndius Hods and Torque Meuihers. 

Kaw and Vinishcd Stork Storago 

Raj'lield Carliuretor. 

Reamers, Foruis of. 

Rear Axle Constiuction. 

Rear Axle, Fulldloating. 

Rear .Axlo Nomenelnlure. 

Rear Axl(;, Thron-quartor Floating. 

Axles, Two Spee<i . 

Reassembling Mol or Parts, Preeniitions in . . . . 

Rebuilding Tires. 

Rc-cliarging Weak ^Tagnets. 

Rcconstnieted Tires. 

Reet.ificr, J 3 ]oetrol 3 ’tie. 

Rectifier, Moreurj' Arc. 

Rectifier, Vibrating. 

Rofariug Olutcli (’one. 

Hognhitor for Kxlinust Ous J’ressnre. 

Reniodios for Loss of Battery Capacity. 

Remedj' for Burns. 

Rcinerly for Cuts and Abrasions. 

ReinoN ing a Stud. 

Removing and Replacing Tires. 

Removing Ball Bearings. 

Hemoving Dents in Tanks. 

Removing Keys. 

Removing Pistons nnd Rods. 

Removing Sand from Water Jaekcls. 

Removing Stubborn Nut. 

Removing Stuck Piston. 

KeiuetaJling f'oiineeting Bods. 

Jrtciny rgnition Ss’stem. 

Remy Magneto Ignition Sj-slem. 

Remy Two-Arinalure System. 

Repair of Broken CeaV Case.. 

Repair 8 hop,*ArraiJgcment of Deparlmouts.* 

Repair SJiop Furniture, Jjist of. 

Repair Shop, Ileating and Ventilation. 

Repair Shop Ijuthe, Requirements of. 

Repair Shop Medicine *Chcst. 

Repair Shop Power. 
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Ro^mir Shop Power, Gas Kdriiic for.61) 

Fif'^Kiir Sliop Sujipliis, ClieiiiieHls, etc.]S^ 

Repair Shop Sujiplies, Uar<lvvaro Stock . 1S2 

Repair Shop S«p]»lies, MUeellaiieons.lS:t 

Repair SliopH. Puililines 1'or.IS 

Repair St|K-lvS. Propoifioiio.l. 85^ 

Repairing Pluw-out.S71 

Ropn'iriii;; t.Ijuashaft.201 

R(‘pairiii^ (\>ne (’hH»'h.66(J 

Ropiuiiiif’ TMviii^ 777 

Rop.'iiniitj Loo^e Flywheel.P,2S 

Repairinji 'Mnltiple Dine ^‘Inteh . OGIl 

Ri'pairing Riulijilor..'iol 

Kepairiii}» Scoreil I'yllnderi.210 

Repairin}^ SteiMiaj,' .\rerlijinisin.7‘i.'5 

Rop?iirii>>{ Storage Ratti*ry.0:p) 

Kepuiriiiff Tiiiiiau Gear.291 

IR-pairiiij; Tiies by Dry Cure Methods.870 

liepairiuH Valve Syslom.2-19 

Repairing Water .Tnckct.221 

Ro]miriiig Water Alniiifobl.352 

Reijairs to Inner Tube. 864 

Repairs to Two-Cycle Motors.328 

Re]ilaeing Tire Valve Steins.803 

He«juirenuMitH of Taibricating Oils.437 

Resenlhig ami Truing Valves.230 

Reseating Tools.230 

Resetting Frame Rivets.707 

Retaining (heaso. Methods.7o8 

Retreading Tires .S72 

Rim Types Classilied.833 

Rims, Tiolted Typo.838 

Rims, Clinehcr.833 

jliins, Quick DetachaWe.836 

Rims. Quick Detachable, Deinounlnble.837 

Riveting Driving Goars tj» Differential Case.783 

Roller Bearings.792 

Rotary Converter 400 

Rubber TTose. Detorioralion of.341 

Iludge-Whitworlh Wire Wheel.827 

Rules for Spring Care.715 

Rust on Tools, Pres'enting.991 
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P. A. E. Caiburptor Vitlings. 

S. A. K. ftciTw Stsiudnnl.,• 

Sand in WjiIj.t Sinirt-Kj ]{oiii<iva1 of . . . 
ScaloM for J^hiour ilfaMirt’nuMjfs . . . , 

Sc1tol)l<«r 'Modid E t'arhurotor. 

Si'orod Cylimhirs, Hopairiu;?. 

SiM-uj»t*vs, Mow to I’s'o. 

Scnipinjf Urn.'SO'* to l'’it. 

Moors. 

Sori-w(lriv»‘r.s. last of Sizes XcovUmI . 

Sediment in liadiatrir. 

Sewed (Mutidi M<‘Hvin;i. 

Scintdloatiuj; AnIo, Mismanirniij . , . . 

Scmi-lloaiint; AxU-s. 

Separators for Si'weva^je. 

Sc\veraj 40 , Si-paralors ol’. 

Sliaefer Metliod Aitilirial Reapiialum . 

Shaft Straightening; J’ress. 

SJjarpeniii;; I’lles with Arid. 

Shop Beneli (’oestruetion. 

Shop Ihpiipinenl, Air t'unipresi;urs 

Shop Equij)inent. Por^o for. 

Shop .Metliods. 

Shop l.iglila, Arran^^eineiit of. 

Shop Muehinerv, Power Needed for . 

Shop U'^oH of Arbor Press. 

Shop Vnleani'zitjj; hhpiiptnent. 

Short Circuit, Indieations of. 

Silent ChaitiH, How AdjuMted ..... 

Siinplo Lathes. 

Sim])lo Oil Kilter. 

Simple Oiling Syslcins. 

Sinijde Outer tJasititf Itepuirs. 

Simple Oxygen Prodneora. 

Simple Priming Jh’vice. 

Simple Spring W.'nder. 

Size of Pits . 

Sizes of Drillg for Taps. 

Sleeve Valve Motors. 

Sleeve Valve Motors, Carbon Deposits in . 

Sleeve Valve Timing. 

Sliding Gear Box, Dismantling .... 
Sliding Ocarset Bearings. 
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. 752 
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. 09 

.99 

.955 

.101 

..... 989 
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.101 

.107 

.19 

.20 

.71 

.9S6 

.R50 

.0-11 

.... :i20 

. 75 

.456 

.412 

.fi69 

.218 

.OO.*) 

.120 

.47 

.1018 

.310 

.315 

.314 
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.685 
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Sliding Qearset Construction . 
Sliding Qearset Trou^iles . . 

Slipping Clutch, Cause of . • 

Slipping Friction Drive . . 

SiTmll Generatin|^ Sets . . . 

Small Bopair Shop, Floor Plans 
Small S^op Macliinery Equipment 
Small'Tool Equipment .... 

Small Vulcunizcrs. 

Smoky Motor, Curing .... 
Soda Kettle for Cleaning . . . 

Soft TTaniiner, Easily Made « . 

Soft Hammer Mold. 

Soft Metal Hammer. 

Soldering Aluniinum .... 
Soldering a Metal Float . . . 

Soldering and Brazing Processes . 

Soldering Fluxes. 

Solders and Spelter. 

Solid and CiishioTi Tires . . . 

Solid Tires, Carrying Capacity of 
Spark Plug Air Gap Adjustment . 
Spark Plug Installations . 

Spark Plug Tests. 

Spark Plugs, Construction . 

Spark Plugs, Faults in ... . 

Special Home Made Tools . . . 

Special Pliers. 

Special Tool Attachments . . . 

Special Tool Equipment, Ford 
Specific Gravity BoadiugB . . . 

Speed of Grinding Wheels . . . 

Spend of Grindstones .... 
Spoc'l Begulators, Automatic . . 

Spinning Clutch, Causes of 
. Spiral Bevel Gear Drive . • . 

Spray Nozzle, Cleaning Out . . 

Spring Repairs, Hints on . . . 

Springs, Lubrication of , . • . 

Springs, Types of. 

Spur Gear Differential . . . . 

Standard Hexagon Bolts and Nuts 
Stand for Acid Carboys . , . 

Starting Bolts and Nuts . *. . 


PA6B 

687 

680 

665 

677 

65 

25 

62 

111 

848 

4:14 

162 

961 

167 
165 
922 
405 
917 
920 
920 
829 
SS6 
495 
495 
494 
4sg 
491 

168 
121 

S9 
av5 
452 
935 
992 
397 
. 656 
767 
372 
713 
712 
709 
776 
1006 
460 
973 
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Starting Clulchca ..585 

Starting Gearing.•.585 

Starting Motor, Function of.•.576 

Starting Switches . <i91 

Starting System, Auto-Lito.621 

Starting System, Bijur Fackard.619 

Starling System, ChaliiierH-BnU.634 

Starting System Controls.. 576 

Starting System, Gray anil Davis.625 

Starting System, Hartford.621 

Starting System, Uooy Two-Armature.‘ . 636 

Starting Systems, Faults in Motors and Generators.638 

Starting Systems, Faults in Wiring.640 

Steam, Gas and Water Pipes.1008 

Steel niul rron, Brassing.925 

Steel and Iron, Working.911 

Steel, Annealing.903 

Steel, Hardening.905 

Steel, Tempering.907 

Steering Gear Deterioration ..716 

Steering Gear Repairs. 716 

Steering Linkage Parts. 725 

Steering Mechanism, Repairing. 725 

Stej's in Dismantling Fngiuo.189 

Stethoscope, Hsc of.165 

Stewart ■Vaeuum Feed Tank. 361 

Stewart Vacuum Fuel Feed.359 

Stock Room Eqnipmont.34 

' Stopping Fuel Pipe Leaks. 967 

Storage Batteries, Winter Care of.469 

Storage Battery Capacity, Loss of.455 

Storage Battery, Care of. .... 643 

Storage Battery Defects.449 

Storage Battery, Bdison.468 

Storage Battery, Lead Piute.449 

Storage Battery, Recharging.463 

.Storage Battery, Repairing.930 

Storing Stock.33 

Straightening Bent Fenders.916 

Straigliteiiii^ Bent Frame Member.703 

Straightening Shaft ou Planer. 961 

Straightening Valve Stem..241 

Stromberg Carburetors.'.388 

Stuck Piston, Removing.260 
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Supporting Jacks. 51 

Surface Gauge, TJs^ of. 141 

Surface Plato and g^traight Edge.43 

Switch, Delco Starting . . *. 593 

Switch, Gray and Davis Starting.593 

Switch, Harpoon Type ..595 

Switc.li, Laminated Spring Starting..595 

Syringe, lIy<lronieter.4(50 

Systediatic Location of Carburction Faults.399 


Tal»lt> of Gradients. 

Tal)le of Pow'or Costs. 

Talilo of Standard Fits, Ball Bearings . 

Tables of Decimal Equivalents. 

Taking Down Motor. 

Taking Bear Axle Apart..757 


Taper Kollers, Adjustment of.799 

Taps and Dies.135 

Tempering Steel. 007 

Testijig I'Toat Level.370 

Tcsfiiig rjiibricntiiig Oil.927 

Tesljjig Spark Plug.494 

Testing "Wheel Alignment.727 

Thermostatic. Switch, Connecticut ... 4fi6 

Thermo-Syphon Cooling.334 

Thread and Nut Steering Gear.71(5 

Thread Cutting Dies ... 135' 

Thread Cutting, Gears for.1024 

Thread Cutting "Kinks .070 

Three Plate Clutches.666 

Three-quarter Floating Axle. 755 

Tightening Loose Spokes.821 

Tilting Trough Oil Bcgulation.430 

Time Per Mile.1027 

Timer, Aiwator-Kcut.476 

Timer, Ball Bearing . . 474 

Timer, Ball Contact.474 

Timer Defects. 472 

Timer, Dclco.481 

Timer, Boiler Contact Form.473 

Timing Battery Ignition.543 

Timing Boscb Magneto.547 
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Timiug Ford Kotor.. . , . . 

Timing Gear Deiuec.iHtion. 

Timing Locomobile Vnlves.# 

Timing Magneto Fgnition •.•, , . . . 

Timing Overlaml 81x Cyliiuler. 

Timing Overland Four Cylinder Kotor. 

Timing S[dit<lorf Magneto. 

Tiro Manipnlntion. 

Tire Itejmir Material List. 

TIrn llepair Froeessoa. 

Tiro Repairs. Materials for. 

Tire }{epairs, Tonis for. 

Tire Valve Stems, Rcplsieing.. . 

Tires, Air Pressure and Carrying Capneity of . . 

Tires, Cord Carcass Type. 

.'ires, How Tln'v Are Abnsoil. 

'Ires, Uelmilditig I’rocosH. 

Pi res, T?<‘«‘Oiistrueted . 

’ir('s, Koiiioving and Iteplai'lng. 

’ires, Retreading Prneess. 

■’ires, Solid and Cusbion. 

.'tiflls and Supplies Itemized . 

Tool Holders for Lntlio. 

Tools for Adjusting niul Krecting. 

Tools for Forge W(»rk. 

Tools, for Tire Re.pairH. 

Tools for Valve Grinding. 

Tools for Valve Reseating. 

Tools, Home Made Special. 

Torches' for Welding. 

Torque Members and Radius Rods. 

Towing Cradle, Home Kudo. 

Tracing Starter Troubles. 

Treating Polished Steel. 

Trigonometrical Formula?. 

Trijde Ignition Methods . .. 

Troubles in Carburetor. 

Troubles in Gray and Davis System. 

Troubles in Planetary Gears . . .*. 

Troubles ii^ Spark Plugs. 

Troubles with Clutches. 

Trouble with Pistons., . . . 

Trucks and Tables for Repair Shop. 

Truing Crankshaft .. 
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Truing Orankshaft Journals.273 

Tnisaing Weak Frame.705 

Tu^e Repairs by Plbgs.SS3 

Turn Table, Pitless . . 49 

T^urn Tables, Built in . 48 

Twin Six Motor.329 

Twist Drip Gauge Si^cu.1017 

TwUt -Oi'ill Tietter Sizes.1017 

Two-^yo.le Motors.32S 

Two-Spark Ignition.541 

Two-Sj)ecd Axles.768 

Two-Unit System . 573 

Types of Axle Bearings.792 

Ty])es of Lathes, Siniplo.75 

Typical Auto Power Plants . . •.188 

Typical Lighting System.646 

U 

Universal Chuck for Lathe.154 

U. S. Measures and Weights.1003 

Universal Joints, Types of.729 

TJsp of Carbon Scrapers.211 

Use of Nuts and Bolts.972 

TTse of Tap.968 

Use of Tools.990 

Utility of Chain Hoist.55 

V 

Vnlvp Grinding Processes.243 

Yalvo Grinding Tools.245 

Valve Lifters. Adjusting.302 

Valve Removal ami Inspection ..229 

Valve Spring Lifters.230 

Valve Stem Clearances . 310 

Valve Timing, Right Cylinder V Motors.317 

Valve'Timing, Ford .303 

Valve Timing, Locomobile.296 

Valve Timing Methods. 293 

Valve Timing, Overland Four-Cylinder.297 

Valve Timing Practice.308 

Valve Timing, Typical Cars.309 

Valves, Reseating.289 
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VerDier Caliper, How to Bearl 
I* Vibrator CoTi«traetion . 

Vises for Bench Use . • 

Voltage Regulator. Delco . 
Viilcnnizora, Small 
Vulcanizing Iflquipincnt, Shop 
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. 499 
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. 483 
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Warming ^Tanifold.. 967 

Washer and Gasket Culler.160 

Wasliiiig Storage Battery riutoa.470 

Water, Alcohol ami Glycorini* Sohilions. 9-13 

Water and Alcohol Solulioos.; . . 013 

Walor Cooling Systems.334 

Wati*r Jackol Ivepnirs. .224 

Weak Axle, Method of Brncing.784 

tVeak 7‘’ranie, Trussing.705 

Weights of (listings, t'omputiog.1021 

Weights of Metals.1007 

Weights of Steel Bars.1021 

Welding Aluminum.898 

Welding Brass and Bronze.901 

Welding Cast Trou.894 

Welding Qas, Sources of. 801 

Welding Hints, General.902 

Welding Malleable Tron.900 

Welding, Oxy-Acetylcno.888 

Welding, Oxy-Acctylenc, Cost of.893 

Welding, Ttyrchea for. 889 

Wheel Alignment, Testing.727 

Wheel and Gear Pullers.174 

Wheel Pullers.798 

Wheeled Jacks for Towing. 53 

Wheels, Rims and Tires.817' 

Wheels, Wooden.818 

Winding Springs in Vise.974 

Winter Care of Storage Batteries . i.469 

Wire Gauges, Comparing.1014,1015,1010^ 

Wire Wheel, TIouk. 823' 

Wire Wheel, Budge-Whitworth . , , 82ll 

Wire Wheels, Dunlop. 82JI 

Wiring Diagrams, Dclco.597 

Wiring Dry Cells .444* 
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Wiring FauitB in Starting Systems.64U 

Wiring Troubles.505 

Wooden Wheel Goosiruction.818 

Woodruff Key Sizes ..9S1 

. WtrUiug Steel and Iron.931 

Worm Gear Drive. 767 

Worm Steeling Gear.716 

SVoum^s< ami Painful Injuries.056 

Wrpn^‘heH, Forma of.114 

Wren-ches, List of Sizes Needed.178 

Wriat Pin Depreciation.267 

Wrist Pins, How Held.265 

z ■ 

Zenith Carburetor. 301 

























